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SYNOPSIS 


This paper is set out in three main sections, and aims to intro- 
duce EC Directives along with their application, giving a 
general understanding of the Single European Market, a few 
of the Directives and a typical EC Type Examination procedure. 

The introductory section covers the Single Market and how 
it is achieved through the development and use of Directives. 
It explains the structure of Directives and in particular details 
the various paths of attestation which may be called up in indi- 
vidual Directives, which allow manufacturers to demonstrate 
compliance with the Directive. Finally it explains the use and 
purposes of the CE marking. 

The second section summarises a selection of the following 
Directives which are of interest to Lloyd's Register; Simple Pres- 
sure Vessels, Machinery Directive, Recreational Craft Directive, 
Personal Protective Equipment Directive , Electromagnetic 
Compatibility Directive and Low Voltage Directive. 

Section three deals with a typical EC Type Examination 
procedure based on the Machinery Directive. 

The paper is not intended to be exhaustive on the subject 
and should further information be required, the individual 
Directives must be consulted. 
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1. INTRODUCTION 


1.1 The Single Market 


In 1957 when the original Treaty of Rome (the Treaty) was 
signed it had as one of its main aims the creation of what subse- 
quently became known as the Four Freedoms. These were the 
freedom of movement of: 


People 
Finance 
Services 
Goods 


The Argument was that, if these four aspects of commercial life 
could move freely between the signing Member States, a 
Common, or Single Market would have been achieved. 
However, it was clearly realised that such freedom did not 
already exist because the controlling laws of individual 
Member States differed from each other in their specific require- 
ments. Hence compliance with the laws of one Member State 
was not recognised as giving compliance with those of other 
Member States. 

In order to overcome this situation — the situation that 
became known as technical barriers to trade — The Treaty set 
up a mechanism by which the laws of Member States could be 
harmonised. This mechanism was embodied in Article 100 of 
the Treaty and comprised a procedure by which the Member 
States would agree the text of common laws pertaining to 
particular aspects of trade. These texts would be embodied in 
documents called Directives, by which Member States agreed 
to align their laws to the common text and by a given date. 

Since 1957 there have been two major modifications to the 
Treaty in both of which there has been a streamlining of the 
procedure for formulating and agreeing Directives. In particu- 
lar, a framework structure has been set up that all Directives 
pertaining to the free movement of goods must follow: and 
agreement is now reached by weighted majority voting. Direc- 
tives of this type are now knownas Article 100A Directives, and 
the framework structure as the New Approach. 

At this point it should be noted that although the primary 
intention is to secure free circulation to goods etc. within and 
between the Member States, there are no intention of creating 
a “fortress Europe”. Non-European Union manufacturers are 
at liberty to comply with Article 100A Directives and so claim 
free entry to the European market. Indeed once a Directive has 
entered fully into force all goods entering the European Union 
(EU) MUST comply with the relevant requirements. Where a 
Directive allows manufacturer self-certification, this may be 
done by a non-EU manufacturer as well as by an EU one. 
However, the agent within the EU, or the person actually intro- 
ducing the article into the EU, is held to be responsible for 
compliance. In the case of Directives requiring certification by 
an independent body (notified body) such bodies can only be 
centered within the EU, and non-EU manufacturers would 
have to seek certification from one such body. However, being 
centered in the EU does not prevent such bodies having agents 
in non-EU states who can do the actual work of assessment, 
providing the bodies central unit takes full responsibility. 

With its network of offices, LR is ideally suited to offer such 
a certification service to non-EU manufacturers. 


1.2 The New Approach 


The framework structure known as the New Approach is to be 
found in the Council Resolution of May 1985, and is in the form 
of model articles to be used to construct Directives. Broadly 
these model articles fall into two categories: a set of standard 


administrative requirements that can appear almost 
unchanged in nearly every Directive; and three or four clauses 
that have to be specifically tailored to the particular Directive. 
It is necessary to look at this situation in a little more detail. 


1.2.1 The standard administrative clauses cover such aspects as: 


(i) The requirement that Member States must allow free 
access to their market of items that comply with the 
Directive. 


(ii) The general requirement that items covered by the 
Directive must be safe. This is in a sense an escape 
clause against some particular technical aspect 
having been overlooked in the list of essential tech- 
nical requirements [see Section 1.2.2(ii)]. 


(iii) The general requirement that all items must satisfy 
the essential technical requirements. However it is 
recognised that for Directives with a wide scope [e.g. 
the Machinery Directive see Section 2.2.3] not all the 
essential requirements will be appropriate to all 
items. 


(iv) A concession to Member States to refuse free access 
[see Section 1.2.1(i) above] if they seriously doubt the 
general safety [see Section 1.2.1 (ii) above] of the item. 
This concession is accompanied by the obligation to 
submit such a refusal to arbitration by the Commis- 
sion and other Member states. 


(v) The relationship between the essential requirements 
and the use of standards [see Section 1.4 for more 
details]. 


(vi) The right of Member States to appoint organisations 
to act as certifying bodies; and the criteria by which 
such bodies shall be judged before being appointed. 


1.2.2 The specific clauses cover such aspects as: 
(i) The Scope 


Which has to be the best possible description of the 
items to which the Directive applies; although in 
some cases the matter is handled by a fairly general 
description qualified by specific exclusions i.e. listing 
the items to which it does not apply. The scope is 
frequently a matter of considerable dispute during 
the negotiating phase, and often subject to 
political pressure by organisations who do not wish 
to see long-standing legal requirements changed. 
However, the scope is absolutely crucial to the 
success of a Directive in removing barriers to trade. 
For one thing it is very difficult to decide which 
requirements are essential until the items to be 
covered are established, and in practice it is not 
uncommon for the negotiation of the scope and the 
essential requirements to form something of an iter- 
ation. This process can sometimes lead to the scope 
being less than crystal clear. An unfortunate situation 
because this in turn can lead to ambiguity when the 
Directive comes to be used. 


(ii) The Essential Technical Requirements 


When the philosophy of the New Approach was being 
formulated it was agreed that the essential require- 
ments should be couched in terms of the aims to be 
achieved, rather than in terms of absolute technical 
specifications. The argument being that designers 
should be allowed the maximum flexibility if the 
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development of new products and techniques was 
not to be stifled. In contrast most Member State regu- 
lations are cast in terms of specific solutions. 
However, their legal systems allow administrators to 
grant concessions when a particular specific solution 
is considered to be inappropriate giving flexibility. 
UK law on the other hand does not allow such discre- 
tion, and therefore has to be cast in a form that gives 
“built-in” flexibility. This fact means that the UK 
system is close to the New Approach philosophy, but 
at negotiating level this causes problems when the 
officials of some Member States are extremely reluc- 
tant to give up their apparent absolute solutions in 
exchange for much more general aims. The result is 
that some Directives end up with an unhappy mix of 
general aims and specific solutions. 


(iii) Certification of Conformity Procedures 


For the first few New Approach Directives these 
procedures were individually negotiated, and this 
proved to be a very time consuming process. The 
basic problem was that individual Member States 
had conformity procedures that had served them 
well for many years, and were consequently very 
reluctant to change to any other system. 


An attempt to tackle this problem was made in the 
1990 Modules Decision — 90/683 /EEC — in which all 
the existing procedures were consolidated into a 
menu of individual units. These units could then be 
combined for individual Directives in a variety of 
ways to build suitable conformity procedures, the 
most suitable combination — or combinations — being 
a matter of negotiation between the Member States. 
The latest version of the modules appears in Council 
Decision 93/465/EEC. 


Because many of the barriers to trade lay in the diver- 
sity of conformity procedures used throughout the 
Member States, this aspect of a Directive is vital to 
its success. 


In view of its relevance to the work of Lloyds Register 
it is worth making a more detailed study of the 
Modules. 


1.3 The Modules 


Two basic principles were recognised in constructing the menu 
of modules. Firstly that there was a necessity to consider prod- 
ucts initially at the design stage, followed by checking that the 
initial design was faithfully reproduced in the production 
stage. Secondly that responsibility for checking at both stages 
could range from resting entirely with the designer / manufac- 
turer, to resting entirely with an independent third party. 
Additionally it was recognised that the extent to which a 
designer/manufacture had satisfied formal quality manage- 
ment criteria (QM) must be taken into account if the value of 
QM approval was not to be downgraded. 

Upon these two basic principles two other factors imposed 
themselves. The first was that a system suitable for mass 
produced items would be different from that suitable for one- 
off, or limited, production. The second was that account must 
be taken of the commercial cost of conformity assessment, 
balancing it against the capital cost of the product and the 
degree of danger presented by the product. 

The resulting solution to this set of requirements is neatly 
summarised by the now widely circulated “Conformity Assess- 
ment” diagram that is reproduced in Figure 1. 
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CONTROL OF 
PRODUCTION 
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Intervention of 
notified body 


A 
Manufacturer 


— Declares conformity 
with essential 
requirements 

— Affixes the CE 
marking 
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— Test on specific 
aspects of the 
product* 


— Product checks at 
random intervals* 


B. TYPE EXAMINATION 


Manufacturer submits to notified body 
— Technical documentation 


= Type 


Notified body 
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~ Carries out tests, if necessary 


— Issues EC type examination certificate 


D. PRODUCTION 
QUALITY 
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C, CONFORMITY 
TO TYPE 
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“Supplementary requirements which can be used in specific directives. 


E. PRODUCT 
QUALITY 
ASSURANCE 
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F. PRODUCT 
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VERIFICATION 


Manufacturer 
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The horizontal divide separates the design from the produc- 
tion stages. 

In the design stage above the horizontal line and reading 
from left to right, the range covers: 


¢ responsibility resting squarely upon the designer, 

¢ through the situation applicable to mass produced items 
where an independent body can approve a prototype, 

¢ through the situation where one-off items are indepen- 
dently approved, 

¢ finally to the situation where the responsibility again rests 
with the designer, but only on condition that there is inde- 
pendent approval and surveillance of the designers’ 
quality management system. 


Moving below the horizontal line into the production stage, the 
extreme ends mirror the design stage: 


¢ the extreme left placing responsibility on the manufac- 
turer, 

e the extreme right doing the same thing but under 
conditions of independent QM approval, 

¢ There is however on the right hand end a third option of 
requiring independent approval of each production item. 
These three procedures — designated modules A, H and 
G respectively — cover both design and manufacturing 
stages. 


Returning to the middle of the diagram it is permitted to use 
the design type examination process — Module B — in conjunc- 
tion with four possible production stage procedures to ensure 
each product is in conformity with the approved prototype. 
Again reading from left to right we have: 


¢ Module C where it is the manufacturer’s responsibility to 
ensure conformity with the approved prototype, 

¢ Modules D and E where it is again the manufacturer’s 
responsibility but under conditions of independent QM 
approval for manufacture and testing, or inspection and 
testing respectively; finally, 

¢ Module F where the responsibility rests with independent 
approval of each item of production. 


Unfortunately, even at the outset, this fairly straightforward 
menu of attestation procedures was clouded with variations 
within modules. In particular: 


¢ Module A could become Aa in which there will be a 
degree of third party intervention in respect of specific 
aspects of design and production. These aspects would 
be designated in the text of the Directive. 

¢ Module C could have a similar variation by which there 
is independent intervention during the manufacturing 
stage in respect of specifically named aspects. 

¢ Module H could also require independent intervention 
during the design stage in respect of specifically named 
aspects. 


Unfortunately the question of variations is still very much alive 
and inrecent months further modifications have been proposed 
in respect of the Pressure Equipment Directive currently under 
negotiation. The real trouble is that independent intervention 
in the area of pressure vessels is wide spread throughout the 
Member States, of long standing, and very variable in the way 
it is done. The negotiations are being made very difficult by 
Member States seeking to retain their own specialist methods. 
Furthermore the administrative text of the original Modules 
Decision recognised that variations might be necessary in 
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certain circumstances, but warned that such variations should 
be strictly limited and made only when they could be justified. 
Regrettably some Member States consider that their current 
practice is sufficient justification for such variations! 

It will be sad if this proliferation of variants is allowed to 
take root because it could destroy what is at present a reason- 
ably elegant solution, by virtually returning to a free for all in 
the negotiation of conformity assessment procedures. 

Because of all this it has to be warned that the use of the 
modules for establishing conformity assessment is at best a 
fragile system. Many of the early New Approach Directives 
do not use them because they predate the Decision, and 
although what is required may look very like specific 
modules, careful reading of the wording of the individual 
Directive texts will show significant differences. To an extent 
common sense would suggest that the early New Approach 
Directives should be revised to use the modules. Practical 
experience dictates that once adopted, leave well alone, 
because once change is suggested in one aspect Member States 
will seek to fight once again battles they lost first time around, 
and before anybody realizes it, the complete Directive is being 
renegotiated. Fortunately at least the Commission accepts 
that any attempt to reshape such recent legislation could be 
disastrous to industry. 


1.4 The Role of Standards in Directives 


This is arguably one of the most widely misunderstood aspects 
of the Directive scene. There is a tendency to assume that Direc- 
tives require the products covered to be designed exclusively 
to recognised European standards. This is quite incorrect. The 
law requires that the essential requirements listed in Directives 
must be complied with. The use of standards is one means of 
demonstrating compliance with these requirements, but not the 
only means. 

The New Approach Resolution makes it very clear that 
Directives should require compliance with essential require- 
ments, which should be formulated in terms of the objectives 
to be obtained and not the techniques for achieving them. 
However the Resolution went on to recognise the value of stan- 
dards that give prescriptive solutions, and strongly encouraged 
their use, providing it was recognised that they may not repre- 
sent the only solution and indeed, on occasions, not necessarily 
the most appropriate solution. 

As a consequence of recognising the value of 
standards a system was devised by which the European 
Commission may mandate the European Standards bodies — 
CEN/CENELEC/ETSI — to produce standards in support of 
specific Directives. In such a mandate the demand would be 
that the essential requirements listed in the Directive should 
form the technical criteria on which the standard must be based. 
In giving such a mandate the Commission allows the standard 
makers a very considerable degree of freedom on such aspects 
as the subject matter, the form, the technical content, and the 
relationship with other standards. It does however insist that 
the standard shall not make requirements over and above the 
essential requirements, and shall not stray into the aspect of 
whoshall carry out any testing or inspection deemed necessary. 
This latter aspect is the strict preserve of the Directive text. 

Standards that have been mandated by the Commission will 
eventually be checked by it, in conjunction with a Committee 
of Member State representatives. This is to ensure only that the 
scope claimed is covered, that it has not strayed beyond the 
essential technical requirements nor has specified who shall 
carry out inspections or tests. However there will be no ques- 
tion of rediscussions of the technical aspects. In other words no 
attempt by Commission “experts” to “second-guess” the stan- 
dards experts. 


S If found to be satisfactory the title of such standards will be 
pu 


blished in the Official Journal of the European Communities 
(O,J.), and this will complete the process of creating what is 
termed Harmonised Standards. Whilst it should be noted that 
an existing CEN /CENELEC/ETSI standard can be turned into 
a harmonised standard in retrospect — if it is considered 
suitable — it must be clearly understood that not all 
CEN/CENELEC/ETSI standards are harmonised standards. 

Once a standard has become a “harmonised standard” its 
use for design and manufacture will automatically confer a 
“presumption of compliance” with the appropriate essential 
requirements of the Directive. Standards which are not 
“harmonised” do not give such automatic presumption, 
although the technical requirements of many standards may 
well satisfy essential requirements. The essence of this philos- 
ophy is that because the specification for the writing of a 
harmonised standard is a set of essential requirements already 
agreed by Member States, and because the finally agreed stan- 
dard represents what might be described as the collective 
wisdom for achieving the desired aim, the standard therefore 
represents a solution agreed by all Member States. However, it 
is not necessarily the only solution, so it might be an exagger- 
ation to say it represents the best solution in all cases. What can 
be said is that the use of a harmonised standard by the manu- 
facturer is the method least likely to be challenged by any 
Member State authority. 

At this point it is worth noting some interesting variations 
in approach by standard writers in different fields. The most 
common approach is to produce as nearly as possible self- 
standing standards for the range of products covered by a 
particular Directive. This has been the approach for the Simple 
Pressure Vessels Directive. 

However for the Machinery Directive a complex structure 
of three levels is being followed because of the very wide range 
of products covered. The first (top) level comprise the so called 
“A” standards which are by way of general codes of practice 
for the design of safe machinery. The second level — the “B” 
standards — fallinto two sub-categories—“B1” and “B2” —cover- 
ing respectively; human factors, such as arm reach, safe noise 
levels, etc.; and the design of specialist safety devices such as 
pressure-mats, electronic cut-outs, etc. Finally come the “C” 
standards which deal with specific families of machinery, and 
which make reference to appropriate use of the “A” and “B” 
standards. For this Directive it is only the “C” standards that 
carry the ‘presumption of conformity’ with the Directive. 

Yet another approach is being used for the Recreational Craft 
Directive where certain of the standards are being written at 
international level, and will be adapted — probably without 
further discussion — as CEN standards for the purpose of 
harmonisation. 

During the negotiation of Directives there has been a move 
towards encouraging the use of harmonised standards by offer- 
ing an “easier” conformity assessment route; that is to say one 
that involves less involvement by an independent body — when 
such a standard is used than when it is not. A good example of 
this is the Machinery Directive in which there is a list of what 
are considered to be particularly dangerous machines, Annex 
IV of the Directive. If the items on this list are not manufactured 
to the appropriate harmonised standard the design has to be 
independently Type Approved, whereas if the harmonised 
standard is used conformity can be declared by the 
designer / manufacturer. 

The outcome of this policy of mandating the writing of stan- 
dards has resulted in an enormous programme for the CEN, 
CENELEC and ETSI organisations and a very demanding work 
load on the people involved in actually producing the texts. 
Moreover the Commission is finding it increasingly difficult to 
meet its financial commitment to this programme. 
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1.5 CE Marking 


The use and purpose of the “CE” mark is frequently looked 
upon as something of a mystery. Its purpose is very simple. 
Itis purely a symbolic statement that the person marketing the 
item considers that it complies with all the requirements of a 
Directive. It could be held to duplicate the Certificate of compli- 
ance required by most new approach Directives. Its intended 
usefulness is far less clear! 

From the very early days of the Community, Article 100 
Directives have required the products covered to be marked 
with a symbol denoting compliance. These early marks were 
of a wide variety of forms, and in some instances attempted to 
have variants denoting such differences as, for example, 
whether or not a European Standard had been used. The whole 
system became very complicated, and the producers of the new 
approach decided to adopt a single unified design of mark - 
the CE mark - to be used in all instances and for all new Direc- 
tives. The attempt was partially successful in that the CE mark 
was universally used, but had certain variations, Directive to 
Directive, such as adding the date on which the mark was 
applied and sometimes the identification number of any noti- 
fied body involved. 

It took a second attempt at unification — the CE Marking 
Directive 93/68/EEC — to bring the situation under control. 
This Directive modified the CE marking requirements of all the 
previously adopted new approach Directives and in some 
instances slightly modified the actual conformity procedures. 
The outcome is that the CE mark now has a defined form in 
terms of the shape and spacing of the two letters, and the 
requirement that it must not be less than 5mm in vertical height. 
Its construction is given in Directive 93/68/EEC and is shown 
in Figure 2 and is mandatory from 1 January, 1997. Furthermore, 
the marking of a product with this symbol is now held to indi- 
cate that it conforms to the requirements of all applicable 
Directives that specify the use of such a mark. However should 
one or more of these Directives be still in the transition phase 
— i.e. the supplier has the option of complying or not — the 
accompanying documentation must say whether or not it is 
being complied with. 


The CE conformity marking consists of the initials ‘CE’ 
as shown below. The proportions shown must be 
retained when the marking is reduced or enlarged. 

The initials are formed from two overlapping circles of 
20mm diameter and 14mm diameter. 


Note 1: CE MARKING DIRECTIVE 93/68/EEC is 


mandatory from 1 January 1997. The Directives it amends 
are given in the reference 4.3.2. 


Figure 2 
CE Marking 


Turning now to the question of the usefulness of CE mark- 
ing, clearly it should indicate to an official of a Member State 
that the item claims compliance with EC Directives at the 
instance it is placed onto the market. But as all such items must 
comply by law — assuming the Directives are fully in force — the 
mark appears to be saying no more than that the item complies 
with the law. A statement of rather doubtful value. Similarly, 
if the item has been in use for some time, all the mark indicates 
is that it claimed compliance with the law at the time when it 
was first sold. Again a statement of doubtful value to an inspec- 
tor concerned with the safety of the item at the present time. 

Probably only time will tell how useful the CE mark will prove 
to be from a marketing or regulatory point of view. Perhaps the 
best that can be said at the moment is that it will act as a passport 
for new items entering individual Member States. 
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2. SUMMARIES OF SELECTED DIRECTIVES 


2.1 Simple Pressure Vessels Directive (SPV) 


2.1.1 General 


The Simple Pressure Vessels (SPV) Directive is one of the first 
“New Approach” Directives designed to harmonise the 
approval methods used throughout the European Member 
States. The Directive 87/404/EEC, as amended by Directive 
90/488/EEC and 93/68/EEC Article 2, came into force on 
1 July 1990, and became mandatory on 1 July 1992. It was trans- 
posed into UK law by Statutory Instrument (SI) 1991 No. 2749 
and by corresponding legislation in other Member States. 


2.1.2 Definition 


A Simple Pressure Vessel is defined as any welded vessel 
subjected to an internal gauge pressure greater than 0.5 bar 
which is intended to contain air or nitrogen and which is not 
intended to be fired. Furthermore the vessel must be: 


¢ made either of non-alloy quality steel or non-alloy 
aluminum or non-age hardening aluminum alloy, 

¢ either cylindrical closed by flat or outwardly dished ends, 
or two dished ends set on the same axis, 

e designed for a maximum working pressure no greater 
than 30 bar gauge and a stored energy capacity of no 
greater than 10,000 bar litre, 

e designed for a minimum working temperature no lower 
than -50°C, and a maximum working temperature no 
higher than 300°C for steel and 100°C for aluminum, 


Excluded from the definition are vessels: 


¢ specifically designed for nuclear use failure of which 
would cause an emission of radioactivity, 

¢ vessels specifically intended for installation in or propul- 
sion of ships and aircraft, 

¢ fire extinguishers. 


2.1.3 Directive Requirements 


These are referred to as “the essential safety requirements” 
(ESR) and are to be found in Annex | of the Directive. Although 
this is one of the new approach Directives the ESR’s do not fully 
follow the philosophy of stating the aims to be achieved rather 
than the way in which to achieve them. In consequence the 
Directive has quite specific material requirements in respect of 
chemical composition and mechanical properties. This has 
proved to be a particularly unfortunate factor as very few 
commonly used steels actually meet the requirements forcing 
the use of more sophisticate and hence most costly steels. 
However apart from this one area the ESR’s relate to such 
matters as use of correct welding materials and accessories 
contributing to the strength of the vessel; protection from corro- 
sion; adequate wall thickness; ability to inspect internally; and 
use of manufacturing procedures that do not weaken the 
materials. 

It requires the manufacturer to produce a design and manu- 
facturing schedule, adequate instructions for use, and to mark the 
vessel with information on working pressures and temperatures. 


2.1.4 Routes to Attestation 


In view of the fact that the negotiation of this Directive pre- 
dated the Modules Decision, the attestation procedures are 
unique to the Directive. They are shown in diagrammatic form 
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EC certificate EC type- 

of adequacy examination 
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EC certificate 
of conformity 
Art. 14.1 


EC verification 
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in Figure 3 and are based on the philosophy that the higher the 
stored energy — indicated by the product of volume and work- 
ing pressure — the greater the danger present, and hence the 
greater the intervention necessary from the Approved Inspec- 
tion Body (AIB). 

For vessels of less than or equal to 50 bar litre the manufac- 
turer may self certify that the design and manufacture is to 
“sound engineering practice”. There is no call for them to 
specifically meet the ESR’s. However for all vessels greater than 
this the design must be approved by an AIB as meeting the 
ESR’s either by assessment of a prototype, or, if the design is to 
a harmonised standard, by assessment of the design and manu- 
facturing schedule. 

For the production phase there is a further change of require- 
ment at 200 and 3,000 bar litre. For vessels between 50 and 200 
bar litre the manufacturer must obtain AIB approval of the 
manufacturing schedule but retains responsibility for quality 
control during manufacture. For vessels between 200 and 3,000 
bar litre the manufacturer may choose either the full verifica- 
tion route, or a route by which the AIB approves the 
manufacturing schedule and then carries out quality control by 
means of spot checks. For vessels above 3,000 bar litre there 
must be full AIB verification of each vessel. 


2.1.5 CE Marking 


CE Marking is required on all vessels greater than 50 bar litre. 
Vessels below 50 bar litre are covered by the Directive and must 
be allowed free circulation providing the manufacturer can 
confirm that they are produced to “sound engineering practice” 
despite not carrying the CE Marking. 

Until 1 January 1997 the manufacturer has the choice of 
complying either with the CE marking requirements in the orig- 
inal Directive 87 /404/EEC [Article 16] or the amended version 
as per Directive 93/68/EEC [Article 2 paragraphs 8, 9 and 10]. 
The requirements for CE Marking as given in Directive 
93/68/EEC is mandatory from 1 January 1997 (see Figure 2). 


2.1.6 LR Involvement as a Notified Body 


As one of the UK Bodies notified under the Directive LR has 
been involved in the issue of certificates covering both the 
design and manufacturing stages. Indeed it is estimated that 
85% of the UK business has come to LR. 

When the Directive first came into force this certification 
work was made difficult by the lack of harmonised standards. 
Manufacturers were obliged to seek certification to the essential 
requirements and notified bodies were faced with the problem 
of making interpretations of the essential requirements. This 
proved particularly difficult in respect of such requirements as 
“it must be possible to inspect the inside of the vessel”; and in 
establishing the actual chemical composition and properties of 
certain steels. 

However LR helped many companies overcome these prob- 
lems and 1993 and 1994 saw a steady stream of certification 
work coming from four UK manufacturers. A manufacturer in 
the USA and one in Finland have also received certification 
from LR.” 


2.2 Machinery Directive (MD) 


2.2.1 General 


The Machinery Directive (MD) is a ‘New Approach’ Directive 
intended to harmonise the various legal requirements relating 
to the adequate safety of new machinery, in force in individual 
European Member States. The Directive 89/392/EEC, as 
amended by Directive 91 /368/EEC came into force on 1 January 
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1993, and became mandatory on 1 January 1995. It was trans- 
posed into UK law by Statutory Instrument [SI] 1992 No. 3073. 
A second amendment Directive 93/44/EEC came into force on 
1 January 1995 and becomes mandatory on 1 January 1997. It 
was transposed into UK law by SI 1994 No. 2063. Directive 
93/68/EEC Article 6 amends the CE Marking. 


2.2.2 Definition 


It was originally intended that one Directive should cover very 
nearly all machinery accordingly the definition is worded ina 
very general way. It is: 


“An assembly of linked parts or components at least one of 
which moves, with the appropriate actuators, controls and 
power circuits etc., joined together for a specific application.” 


Asa result the Directive, as extended by the two amending Direc- 

tives, covers a vast range of manufacturing, mobile and lifting 

equipment (including domestic appliances), agricultural 

machinery and off road vehicles; together with certain items that 

are notstrictly machines as defined above but are designed specif- 

ically for use with machines, e.g. safety devices, lifting slings etc. 
The following items are excluded from the scope: 


passenger lifts, 

machinery, other than lifting equipment, that is manually 
powered, 

medical machinery used in direct contact with the patient, 
specialist fairground and amusement park equipment, 
steam boilers, tanks and pressure vessels, 

specialist nuclear equipment, failure of which may result 
in an emission of radioactivity, 

e radioactive sources forming part of a machine, 

¢ firearms, 

¢ storage tanks and pipelines for inflammable liquids and 
dangerous substances, 

means of transport for passengers, 

seagoing vessels and mobile offshore units, 

cableways and rack and pinion rail mounted vehicles, 
certain agricultural and forestry tractors, 

machinery specifically designed for military or police 
purposes, 

¢ mine winding gear, 

e theatre elevators, 

¢ construction site hoists for persons. 


eee 


2.2.3 Directive Requirements 


The vast majority of the technical requirements are set in terms 
of the hazards to be avoided. As a consequence all manufac- 
turers are first required to carry out a hazard analysis with the 
purpose of, if possible, eliminating the hazard; or, failing that, 
take steps to guard against it; or, if neither is possible, warn 
against in the instruction manual. 

The Directive text recognises that it is not always technically 
or commercially possible to make a machine completely safe, 
so that the UK philosophy of “in so far as is reasonably practi- 
cable” is preserved. 


2.2.4 Routes to Attestation 


This Directive again pre-dates the Modules Decision so that the 
Modules A, B, C, etc., do not appear in the text. However the 
vast majority of equipment covered is attested as meeting the 
requirements of the Directive by the manufacturer or person 
placing the equipment on the market, which is closely akin to 
Module “A”. The exception is a restricted list of machines that 


are considered to be particularly dangerous (mainly hand fed 
woodworking machinery, metal presses and injection molding 
machines) which appear in Annex IV of Directive 89/392/EEC. 
The design of these machines requires type approval by a 
Notified Body, which is akin to Module “B”, unless a 
harmonised standard is used, in which case the manufacturer 
may merely lodge the technical file with a Notified Body. 
Reference Figure 4. 


2.2.5 CE Marking 


CE marking is required on all machines covered by the Direc- 
tive as an indication that the machine meets not only the 
requirements of the Machinery Directive, but also the require- 
ments of all other Directives that apply. However it has been 
recognised that certain machinery can quite reasonably be 
placed on the market with the intention of incorporating it into 
other machinery. Under these circumstances such machinery 
may not completely meet all the Directive requirements until 
it has been correctly incorporated. Such machinery is not CE 
marked, but is required to have a “Certificate of Incorporation” 


Machinery not listed 
in Annex IV 


Prepare TCF 


Conforms with the 
relevant specified 
standard 


Conforms with ESR's 


Responsible person 
must assemble TCF 


Notified body 
acknowledges receipt 


Conforms with the 
relevant specified 
standard 


Send TCF to notified 
body 


explaining in what way it must be installed in order to ensure 
complete compliance. 


Note: 
Certain safety components are listed in Annex IV of the Directive 
for these components the CE marking is not affixed. 


2.3 Recreational Craft Directive (RCD) 


2.3.1 General 


The Recreational Craft Directive (RCD) is one of the latest “New 
Approach” Directives designed to harmonise the laws of 
Member States in respect of ensuring the safety of boats when 
they are first placed on the Community market. The Directive 
94/25/EC comes into force on 16 June 1996, and becomes 
mandatory on 16 June 1998. The Directive has not yet been 
transposed into UK law, but the scheduled date is 16 Decem- 
ber 1995. 


Machinery listed in 


Annex IV 


Note 1: 

All machinery must 
satisfy the essential 
health and safety 
requirements (ESR’S). 


Prepare TCF 


Does not conform 
fully with transposed 
harmonised standards 


or where no such 
standards exist 


Note 2: 

For machinery not 
listed in Annex IV,a 
manufacturer may, if he 
so desires, use the 
services of a third party 
with his demonstration 
of compliance to the 
directive. 

Submit to notified 

body for Type- 

examination and 

Certification issued 


Notified body verifies 
standards correctly 


applied and 
Certificate of 
Adequacy issued 


Responsible person draws up either: 
a Declaration of Conformity and affixes CE Marking, or 
a Declaration of Incorporation with no CE Marking 


8 Figure 4 


Machinery Directive 
Procedures for Attestation 
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2.3.2 Definition 


The Directive covers recreational craft, regardless of means of 
propulsion, from 2.5 to 24 metres hull length. It also covers the 
following components when they are placed separately on the 
market: 


ignition protection equipment; 

start-in-gear protection equipment; 

steering wheels, mechanisms and cable assemblies; 
fuel tanks and hoses; 

prefabricated hatches and portlights. 


i 


t excludes: 


craft intended for racing 

canoes, kayaks, gondolas and pedalos 

sailing surfboards 

powered surfboards, and replicas of historic craft designed 

before 1950 

¢ experimental craft 

¢ craft built for own use providing they are not placed on 
the market during a period of five years 

¢ craft specifically intended to be crewed and to carry 
passengers, 

. submersibles, air cushion vehicles and hydrofoils. 


2.3.3 Directive Requirements 


These are generally expressed in terms of hazards to be 
avoided, e.g. lack of strength, stability and buoyancy; flooding; 
fire; explosion; etc. — together with absolute requirements for 
hull identification; a builder’s plate; and an owner’s manual 
drawing particular attention to risks of fire and flooding. There 
are also requirements in respect of navigation lights and pollu- 
tion prevention. 

It also requires the manufacturer to produce a design and 
manufacturing schedule (the technical file). 


2.3.4 Paths to Attestation 


Negotiation of this Directive post-dated the Modules Decision 
and asa result extensive use is made of the modules. The finally 
agreed procedures are based on a relationship between boat 
lengthand the sea and wind conditions that the boat is designed 
to withstand. These are shown diagrammatically in Figure 5. 
The range is from self certification by the manufacturer, to type 
approval coupled with product or quality management verifi- 
cation by a Notified Body. 

A certain degree of incentive is given to the use of harmonised 
standards by reducing the degree of Notified Body intervention, 
but not to the same extent as in the Machinery Directive. 


2.3.5 CE Marking 


The adoption of this Directive post-dated the CE Marking Direc- 
tive 93/68/EEC so that the CE marking requirements align with 
it. All boats and components falling within the scope must carry 
the CE mark denoting conformity with the RCD and with any 
other Directive that is applicable. Partially completed boats may 
be placed on the market, but without being CE marked, provid- 
ing they are accompanied by a declaration that they are intended 
to be completed by others, together with a statement of the 
essential requirements already complied with. 

The components covered by the Directive require to be both 
CE marked and accompanied by a Declaration of Compliance. 


2.4 Personal Protective Equipment Directive (PPE) 


2.4.1 General 


The Personal Protective Equipment (PPE) Directive is one of 
the ‘New Approach’ Directives, prepared to standardise the 
approval methods used throughout the European Member 
States. The Directive 89/686/EEC came into force on the 1 July 
1992 being mandatory from 1 July 1995 and was amended by 
Directive 93/95/EEC and Directive 93/68/EEC Article 7. 


Design Category Modules to be used 
A 
“Ocean” 
A B+C 
_ or 
B B+D 
“ ” or 
Offshore B+F 
or 
If harmonised standard used for GorH 
Cc Stability and buoyancy assessment A 
“Inshore” If harmonised standards are not | 
used Aa | 
r - 4 
° A 
“Sheltered Waters” 
2.5 12 - 24 


Boat Length (Metres) 


Figure 5 
Recreational Craft, Modules for Attestation 


Lloyd's Register Technical Association 


It was transposed into UK law by Statutory Instrument (SI) 1992 
No. 3139 and SI 1993 No. 3074. 


2.4.2 Definition 


PPE is defined as “Any device or appliance designed to be worn 
or held by an individual for protection against one or more 
health and safety hazards”. It also covers combinations of PPE, 
combinations with personal non-protective equipment and 
interchangeable PPE which provides protection against one or 
more hazards simultaneously. 


2.4.3 Categories 


The directive categorises PPE into three groups for the Attesta- 
tion (approval route) by which compliance with the Directive 
may be demonstrated. The different categories are Simple 
Design, Complex Design or neither Simple or Complex Design: 


(i) Simple Design 


PPE Models of SIMPLE Design are ones where the 
designer assumes the user can himself assess the level of 
protection against the minimal risks concerned, the effects 
of which, when they are gradual, can be safely identified 
by the user in good time. Article 8.3 of the Directive. This 
category covers exclusively PPE intended to protect the 
wearer against: 


¢ mechanical action whose effects are superficial 
(gardening gloves, thimbles, etc.), 

e cleaning materials of weak action and _ easily 
reversible effects (gloves affording protection against 
diluted detergent solutions, etc.), 

¢ risks encountered in the handling of hot components 
which do not expose the user to a temperature 
exceeding 50°C or to dangerous impacts (gloves, 
aprons for professional use, etc.), 

¢ atmospheric agents of neither exceptional nor 
extreme nature (headgear, seasonal clothing, 
footwear, etc.), 

¢ minor impacts and vibrations which do not affect 
vital areas of the body and whose effects cannot cause 
irreversible lesions (light anti-scalping helmets, 
gloves, light footwear, etc.), 

¢ — sunlight (sunglasses). 

(ii) Complex Design 

PPE Models of COMPLEX Design are designed to protect 
against mortal danger or against dangers that may seri- 
ously and irreversibly harm the health, the immediate 
effects of which the designer assumes the user cannot 
identify in sufficient time. [Article 8.4(a) of the Directive]. 
This category covers exclusively: 


¢ filtering respiratory devices for protection against 
solid and liquid aerosols or irritants, dangerous, toxic 
or radiotoxic gases, 

¢ respiratory protection devices providing full insula- 
tion from the atmosphere, including those for use in 
diving, 

¢ PPE providing only limited protection against chem- 
ical attack or against ionizing radiation, 

* emergency equipment for use in high temperature 
environments the effects of which are comparable to 
those of an air temperature of 100°C or more and 
which may or may not be characterised by the pres- 
ence of large amounts of molten material, 

¢* emergency equipment for use in low temperature 
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environments the effects of which are comparable to 
those of an air temperature of -50° C or less, 
PPE to protect against falls from a height, 
¢ PPE against electrical risks and dangerous voltages 
or that used as insulation in high tension work. 
(ili) Neither Simple or Complex Design 
This covers all PPE Models which do not fall into the cate- 
gories of either Simple or Complex Design. 


2.4.4 Exemptions 


Some PPE are exempt from complying with the Directive. These 
primarily cover PPE which is for use by, e.g.: 


the armed forces, 

¢ self defence, 

¢ general private use, e.g. umbrellas, general purpose 
gloves, etc. , 

¢ second hand PPE, 

¢ motorbike helmets, etc. 


2.4.5 Directive Requirements 


These are referred to as the basic health and safety requirements 
(BHSR) and are to be found in Annex II of the Directive. The 
following list gives an indication of the typical areas covered 
by the BHSR: 


design, 

comfort and efficiency, 
impact, 

falls, 

slippage, 

ageing, 

respiratory, 

visibility protection of various body parts, 
drowning, 

noise, 

heat and/or fire, 

cold, 

electric shock, 
radiation, 

dangerous substances, 
diving etc. 


The information to be supplied by the manufacturer of PPE 
products which are offered for use on the market, is also 
covered, e.g.: 


¢ name and address of the manufacturer and/or his autho- 
rised representative established in the Community, 

¢ storage, use, cleaning, maintenance, servicing and disin- 
fection. Cleaning, maintenance or disinfectant products 
recommended by manufacturers must have no adverse 
effect on PPE or users when applied in accordance with 
the relevant instructions, 

¢ performance as recorded during technical tests to check 
the levels or classes of protection provided by the PPE in 
question, 

¢ suitable PPE accessories and the characteristics of appro- 
priate spare parts, 

¢ the classes of protection appropriate to different levels of 
risk and the corresponding limits of use, 

¢ the obsolescent deadline or period of obsolescence of PPE 
or certain of its components, 

¢ the type of packaging suitable for transport, 

¢ the significance of any markings. 


The above notes must be precise and comprehensible and must 
be provided at least in the official language(s) of the Member 
State of destination. 


2.4.6 Routes to Attestation 


The paths by which the manufacturer may demonstrate his 
products compliance with the requirements of the Directive are 
detailed in Figure 6. The route available is dependent on the 
product's category. ; 

These may be summarised as follows: 


° General 


This section is applicable for all PPE covered by the Direc- 
tive. The manufacturer carries out a risk assessment to 
determine the hazards against which his product will 
offer protection. He then identifies the applicable BHSR 
of the Directive with which to comply which is assembled 
in a technical document 


¢ Simple Models 


Once the general requirements are satisfied, the manufac- 
turer prepares and signs his Declaration of Conformity 
and affixes the CE Marking to the product or packaging. 


¢ Neither Simple or Complex Models 


After completing the general requirements, the manufac- 
turer submits his application for an EC Type Examination 
to a Notified Body. 


The application must contain the following information: 


¢ the name and address of the manufacturer or his 
authorised representative, 

¢ the name and address of the PPE production plant, 

¢ the manufacturer’s technical documentation/ file. 


The Notified Body carries out the following: 


¢ review of the manufacturer’s technical file, 

¢ — verification that the model is produced in accordance 
with the submitted documentation, 

* examination and tests to verify that model(s) satisfy 
the requirements, 

¢ on satisfactory completion, issue an EC Type Exam- 
ination Certificate. 


The manufacturer then prepares and signs his Declama- 
tion of Conformity and affixes the CE Marking to the 
product or packaging. 


¢ Complex Models 


The procedure is the same as the Neither Simple or 
Complex Models with the addition of monitoring of the 
manufacturing process to confirm that the production 
model is in conformance with that described in the EC 
Type Examination Certificate. The manufacturer may use 
the same Notified Body which carried out the EC Type 
Examination for this monitoring phase, if suitably 
approved, or another suitably approved Notified Body of 
his choice. 


The manufacturer has the choice of two monitoring proce- 
dures: 


(a) ‘EC’ quality control system for the final product. 


This system consists of monitoring by taking 
randomly selected samples for examination and test- 
ing as per the harmonised standard. These checks are 
carried out at random, normally at intervals of at 
least one year. 
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or 
(b) ‘EC’ quality of production by means of monitoring. 


This consists of an initial review of the documenta- 
tion and an audit of the manufacturer’s production 
quality control system including the relevant exam- 
inations and tests of the PPE models; followed by 
surveillance. 


2.4.7 CE Marking 


Until 1 January 1997, the manufacturer has the choice of two 
forms of CE Marking, the original as per Directive 89/686/EEC 
(Article 13 and Annex IV) or the amended version as per Direc- 
tive 93/68/EEC (Article 7, Paras 6 and 8). From 1 January 1997, 
only that given in Directive 93/68 /EEC can be used. 


2.5 Electromagnetic Compatibility (EMC) Directive 


2.5.1 General 


The Electromagnetic Compatibility (EMC) Directive 
89/336/EEC as amended by 91/263/EEC(*), 92/31/EEC and 
93/68/EEC (Article 5) is a ‘New Approach’ Directive. The 
Directive applies to all electrical and electronic appliances or 
systems, together with equipment and installations containing 
electrical and/or electronic components, which are liable to 
cause electromagnetic disturbance or the performance of which 
is liable to be affected by such disturbances. 

The EMC Directive came into force on the 1 January 1992 
and is mandatory from 1 January 1996. It was transposed into 
UK Law by Statutory Instruments (SI) 1992 No. 2372 and SI 
1994 No. 3080. 


Note: 

91/263/EEC is the Telecommunications Terminal Equipment 
(TTE) Directive. It covers the EC Type Examination of TTE and 
cancels Article 10(4) of the EMC Directive. i.e. Type approval 
of TTE previously covered by Directive 86/361 /EEC. 


From 1 January 1992, the EMC Directive repeals the following 
‘Old Approach’ Directives: 


76/889 /EEC Radio interference caused by electrical 
household appliances, portable tools and 
similar equipment, 

76/890/EEC Suppression of radio interference with 


regard to fluorescent lighting luminaries 
fitted with starters. 


2.5.2 Definitions 
¢ Apparatus 


means all electrical and electronic appliances together 
with equipment and installations containing electrical 
and/or electronic components. 


¢ Electromagnetic Disturbance 


means any electromagnetic phenomenon which may 
degrade the performance of a device, unit of equipment 
or system. An electromagnetic disturbance may be elec- 
tromagnetic noise, an unwanted signal or a change in the 
propagation medium itself. 


¢ Immunity 


means the ability of a device, unit of equipment or system 
to perform without degradation of quality in the presence 
of an electromagnetic disturbance. 
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PPE of ‘complex’ 
design 


Documentation to prove 
conformity with the basic 
Health & Safety requirements 
(Annex II & Article 8) 
(Manufacturer) 


Draw up the EC 
Declaration 

of Conformity 

(Annex VI & Article 12) 
(Manufacturer) 


ES SS 


Affix the CE Marking 
(Annex IV & Article 13) 
(Manufacturer) 


Conform with 


Conform with 


harmonised other verified 
european technical 
standards specifications 
(Manufacturer) (Manufacturer) 


Submit a model of the PPE for 
EC type-examination 

(Article 10) 

(Manufacturer) 


Examine the model & issue 
EC type-examination 
certificate 

(Notified Body) 


Draw up the EC Declaration 
of Conformity 

(Annex VI & Article 12) 
(Manufacturer) 


EC quality control system for 


the final product 
(Article 11.a) 


(Notified Body & Manufacturer) 


PPE which is neither of 
‘simple’ or ‘complex’ 
design 


Documentation to prove 
conformity with the basic 
Health & Safety requirements 
(Annex II & Article 8) 
(Manufacturer) 


Conform with 
other verified 
technical 

specifications 
(Manufacturer) 


Conform with 
harmonised 
european 
standards 
(Manufacturer) 


Submit a model of the PPE for 
EC type-examination 

(Article 10) 

(Manufacturer) 


as Ae ee a SS 


Examine the model & issue 
EC type-examination 
certificate 

(Notified Body) 


Draw up the EC Declaration 


of Conformity 
(Annex VI & Article 12) 
(Manufacturer) 


System for ensuring EC quality 
of production by means of 
monitoring (Article 11.b) 


(Notified Body & Manufacturer) 


¢ Competent Body 


means any body which meets the criteria listed in Annex 
Il of the Directive, has been Appointed by their National 
Authority and Notified to the European Commission. 


2.5.3 Equipment Covered by the Directive 


Annex III of the Directive gives an illustrative list of typical 
types of apparatus which electromagnetic disturbance should 
not affect such as audio and video equipment, manufacturing 
equipment, medical and scientific equipment, domestic appli- 
ances, lighting equipment and telecommunications networks 
and apparatus. 


2.5.4 Exemptions 


There are various exclusions to the Directive for example; 
amateur radio apparatus, Military equipment, apparatus 
wholly covered by other Directives, etc. [reference Article 2 of 
the Directive]. 


2.5.5 Directive Requirements 


The Directive specifies the protection requirements for the 
construction of apparatus as: 
e the electromagnetic disturbance it generates does not 


Electrical / electronic 
equipment for non 
radiocommunications 
terminal apparatus 


Harmonised or 
National 
Standards 
applied 


applied 


Standards only 
partly or not 


exceed a level allowing radio and telecommunications 
equipment and other apparatus to operate as intended, 

¢ the apparatus has an adequate level of intrinsic immunity to 
electromagnetic disturbance to enable it to operate as 
intended, 


This is to ensure that the apparatus listed in Annex III of the 
Directive may continue to operate as intended when subject to 
the levels of disturbances in the harmonised standards. 


2.5.6 Paths to Attestation 


There are three routes by which a manufacturer, importer or 
authorised representative can demonstrate his apparatus 
complies with the Directive. These are shown in Figure 7. 


(i) Standards Route 


This route is used when the manufacturer designs and 
constructs his apparatus in conformance with an appro- 
priate harmonised European Standard. No third party 
needs to be involved with this route although in practice 
many manufacturers use test reports from competent 
bodies to show compliance with the standards. Once 
satisfied that his apparatus complies with the EMC 
requirements, the manufacturer draws up and signs his 
Declaration of Conformity and affixes the CE Marking. 


Radiocommunication 
terminal 
apparatus 


EC Type- 
examination 


Declaration of 
Conformity 


competent 
bod y 


Prepare T.C.F. 
and submit to 


Declaration of 
Conformity 


body issue 
technical 
report or 
certificate 


| 
| 


Competent 


_ 


CE MARKING 


Figure 7 
EMC Directive 
Paths to Attestation 
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S (ii) 


Technical Construction File (TCF) Route 


This route is used where there are no harmonised or noti- 
fied National standards available or where the 
manufacturer chooses to apply only part of the relevant 
standard. In this case, the manufacturer prepares a tech- 
nical construction file for the apparatus. 


This technical construction file is submitted to a Compe- 
tent Body for assessment of the apparatus with respect to 
the requirements of the Directive who will issue a certifi- 
cate or report stating the reasons for accepting or rejecting 
the apparatus. 


Once the manufacturer is satisfied that his TCF and appa- 
ratus complies with the Directive, he affixes the CE 
Marking. 
(ili) EC Type-examination Route 
This route is for radiocommunication transmitting appa- 
ratus including mobile telephones. The manufacturer 
submits his apparatus to a Notified Body for examination 
and testing. On satisfactory completion, the Notified 
Body will issue an EC type examination certificate. 


2.5.7 CE Marking 


Until | January 1997, the manufacturer has the choice of two 
forms of the mark which may be used. The original as given in 
Directive 89/336/EEC [Annex I] or the amended version given 
in Directive 93/68/EEC [Article 5, Para 6]. From 1 January 1997, 
only that given in Directive 93/68/EEC can be used. 


2.6 Low Voltage Directive (LVD). 


2.6.1 General 


The Low Voltage Directive (LVD), 73/23/EEC as amended by 
93/68/EEC (Article 13) was established as an “Old Approach” 
Directive laying down the safety objectives, accepted by all 
Member States, to allow the free movement of electrical equip- 
ment within certain voltages throughout the European Union. 

The LVD came into force on 19 August 1974 and was trans- 
posed into UK Law by Statutory Instruments (SI) 1989 No. 728 
and SI 1994 No. 3260. 

The amending Directive 93/68/EEC transposed the LVD 
into a “New Approach” Directive by requiring: 


¢ a Technical Construction File (TCF), 

¢ internal production control system to ensure the electrical 
equipment is manufactured in compliance with the 
requirements of the LVD, 

¢ — EC Declaration of Conformity, 

¢ — CE Marking of electrical equipment before being placed 
on the market, 

* retention of the TCF for 10 years, (Note: must be kept on 
Community Territory). 


This amending Directive came into force on 1 January 1995 and 
the CE Marking requirements do not become mandatory until 
1 January 1997. Until 1997, manufacturers have the option of 
complying with the requirements of the original Directive or 
the amending Directive. 


2.6.2 Definition 


For the purpose of the LVD, electrical equipment means any 
equipment designed for use with a voltage rating of between 
50 and 1000 volts for alternating current (a.c.) and between 75 
and 1500 volts for direct current (d.c.). 
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2.6.3 Exemptions 


The following list of equipment and phenomena are exempt 
from complying with the Directive: 


electrical equipment for use in an explosive atmosphere, 
electrical equipment for radiology and medical purposes, 
electrical parts for goods and passenger lifts, 

electricity meters, 

plugs and socket outlets for domestic use, 

electric fence controllers, 

radio-electrical interference, 

specialised electrical equipment, for use on ships, aircraft 
or railways, which complies with the safety provisions 
drawn up by international bodies in which the Member 
States participate, 

¢ electrical equipment intended for export to countries 
outside the European Union. 


2.6.4 Directive Requirements 


These are termed the SAFETY OBJECTIVES. They are primarily 
to ensure that the electrical equipment is constructed in accor- 
dance with good engineering practice with regard to safety and 
that the equipment does not endanger the safety of persons, 
domestic animals or property when properly installed, main- 
tained and used as intended. 

These safety provisions are contained in harmonised Euro- 
pean Standards. In the absence of harmonised standards, then 
the International Commission's Rules for the Approval of Elec- 
trical Equipment (CEE) and the International Electrotechnical 
Commission (IEC) standards, may be used, where they cover 
the safety provisions of the LVD. 


2.6.5 Technical Construction File (TCF) 


The TCF must be available for presentation to a Competent 
Authority on request. It should contain sufficient information 
for the electrical equipment to be assessed for compliance with 
the LVD. It must address the design, manufacture and opera- 
tion of the electrical equipment and contain: 


¢ —ageneral description of the electrical equipment, 
design and manufacturing drawings with schemes of 
components, sub-assemblies, circuits, etc. as necessary, 

¢ descriptions to allow the operation and drawings, etc. to 
be understood, 

¢ list of standards applied or solutions adopted to satisfy 
the safety aspects, 

¢ design calculations, examinations and test reports. 


2.6.6 Production Control System 


The manufacturer should have a quality control system for the 
production of his electrical equipment. The control system 
should ensure that each manufactured product is in conformity 
with the requirements of the Directive. The quality control 
system can be his own internal one and does not require to be 
approved by a third party. 


2.6.7 EC Declaration of Conformity 


When the manufacturer is satisfied his equipment complies 
with the LVD, he prepares his Declaration of Conformity, signs 
it (it must be kept with the TCF) and affixes the CE Marking. 
The Declaration must contain the following information: 


¢ —nameand address of the manufacturer or his Community 
representative, 


¢ a description of the electrical equipment, 
details of harmonised standards or specifications used, 

e identification of the signatory empowered to sign the 
Declaration, 

e last two digits of the year in which the CE marking was 
affixed. 


2.6.8 CE Marking 


The details of the CE marking are as shown in Figure 2. It may 
be affixed to the electrical equipment, the packaging, the intro- 
duction sheet or the guarantee certificate and must be visible, 
easily legible and indelible. 


2.7 Overlap Between The Low Voltage (LVD) & Machinery 
Directives (MD). 


Many Directives overlap with each other which causes a lot of 
confusion. This is particularly true for the Machinery and Low 
Voltage (LVD) Directives. 

The Machinery Directive, Article 1.5 states, “Where, for 
machinery, the risks are mainly of electrical origin, such 
machinery shall be covered exclusively by Council Directive 
73/23/EEC of 19 February 1973 on the harmonisation of the 
laws on the Member States relating to electrical equipment 
designed for use within certain voltage limits.” 

The intended effect of this statement is far from clear espe- 
cially as itis all butimpossible in many cases to justify the choice 
of a “main” hazard. A Council Minute accompanying the 
Machinery Directive agrees that for electrical equipment 
already enjoying free arbitration under the terms of the LVD 
must not be effected by the MD. In practice of course both Direc- 
tives have the same technical requirement — items must be 
adequately safe in respect of all hazards. 

With the advent of CE Marking Directive the administrative 
requirements in respect of machinery, certification and the 
complying of a technical file are also the same for both Direc- 
tives. As a result it can be argued that in complying with one 
Directive there is compliance with both. So the question of 
whichis the main hazard can be successfully side-stepped. Both 
Directives are complied. 

In addition CEN and CENELEC have developed a mutual 
common approach to the addressing of all hazards. As a conse- 
quence a standard harmonised for the MD is also harmonised 
for the LVD. 
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3. TYPICAL EC TYPE EXAMINATION OF AN 
ANNEX IV MACHINE UNDER THE 
MACHINERY DIRECTIVE 


This section will consider a typical EC Type Examination proce- 
dure as it would be carried out by Lloyd’s Register for an Annex 
IV machine to the Machinery Directive, as amended. 

This same basic procedure may be used asa guide for under- 
taking an EC Type Examination for other Directives, provided, 
where necessary, the specific requirements of that Directive are 
applied. 

Equally, this procedure may be used by manufacturers when 
demonstrating compliance to a Directive under a self certifica- 
tion module. In such cases, the review and testing requirements 
are carried out by appointed member(s) of the firm instead of 
the Notified Body. 


3.1 Background to Type Examination 


The Machinery Directive and its amendments appear compli- 
cated on a first review, with its many onerous safety aspects 
[the Essential Safety Requirements (ESR’s)]. However, in 
view of the range and combination of machinery covered, this 
is a natural reaction. Where hazards are found to exist for a 
specific machine, then action must be taken to remove, 
minimise or warn against them, in that order of importance. 
This may be by design, providing safeguards or by a warning 
sign. Essentially, the ESR’s are a compilation of the safety 
features which have been required by the Member States’ legis- 
lation or good engineering practice for a number of years. The 
majority of manufacturers have been complying with these for 
many years and therefore they should not present a problem. 
It is the associated paperwork which may present a problem, 
as it is required to contain specific information which may not 
have been previously provided. Once standards are available 
for the various machinery, manufacturers will have additional 
choices by which to demonstrate compliance with the Direc- 
tive. They will also alleviate many of the interpretation 
difficulties currently being experienced by providing guidance 
on the current state of the art and philosophy on meeting the 
essential requirements. Though the use of harmonised stan- 
dards is not mandatory, using them to demonstrate compliance 
gives a presumption of conformity with the ESR’s of the Direc- 
tive which they cover. Until harmonised standards are 
available, manufacturers can resort to the use of guidance notes 
and existing standards prepared by Manufacturers’ Associa- 
tions and Government Standards Bodies for demonstrating 
compliance with the ESR’s. In many cases, they also give valu- 
able guidance on methods by which the hazards identified 
through the Risk Assessment may be eliminated. 

Firstly to recap the attestation paths available for demon- 
strating compliance of Annex IV machinery before affixing the 
CE Marking: 


i) Where the machinery is manufactured in compliance with 
the specific Harmonised Standard, the manufacturer 
may submit his Technical Construction File (TCF) to a 
Notified Body (NB) and request them to; 


a) acknowledge receipt and retain it, 
or 


b) ° review it for correct application of the standards and 
issue a Certificate of Adequacy, 


or 


c) submit the machinery for an EC Type Examination. 


Note: 
The choice of (a), (b) or (c) is made by the manufacturer. 


ii) Where the Harmonised Standards are not complied with 
or only partially complied with or where no Harmonised 
Standard exists, then the machinery must be presented to 
a NB for an EC Type Examination. 


3.2 EC Type Examination 


The basic procedures for carrying out a typical EC Type Exam- 
ination may be considered under the following headings: 


Enquiry 

Risk Analysis 
Documentation Preparation 
Documentation Review 
Inspection and Testing 
Certification 


Signing of Declaration and Affixing CE Marking 


3.2.1 Enquiry 


This is a very important part of the process. The manufacturer 
discusses with his chosen Notified Body the most advanta- 
geous procedure to allow the approval to progress smoothly 
through each stage. Misunderstandings and procedures are 
discussed to alleviate the possibility of problems occurring at 
crucial stages. 

Typical topics discussed at this time are: 


° Attestation modules 


The available modules for the machinery under review 
and which would be the most suitable is discussed. Once 
this is agreed, the manufacturer can then plan according 
to his market commitments, time and cost constraints. 


° Technical construction file (TCF) 


The contents of the TCF are discussed to ensure that only 
the pertinent information is included. It should be limited 
to that which will allow a third party to review quickly 
and thoroughly the data to confirm the machinery satis- 
fies the requirements of the Directive. 


The range of machines for approval will also be consid- 
ered. Inmany cases one TCFis sufficient to cover the range 
with any differences being covered in an Appendix. 


° Brochures 


The inclusion of brochures can be an excellent source of 
information in a TCF especially those which contain 
detailed information and photographs of the machinery. 
It is appreciated that sometimes other machines are 
featured in these and in such cases, the manufacturer 
should clearly identify those pages and items which are 
relevant to the machinery under approval. 


° Drawings 


The drawings required depend on the complexity of the 
machinery. General arrangement drawings of the 
machine, electrical system, hydraulic or pneumatic 
system and control systems are required giving details of 
dimensions, materials and power supplies as required. 
Drawings of components and circuits which demonstrate 
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a control or safety feature, or give a better understanding 
of the operational function are included, where necessary. 
Detailed manufacturing drawings are not required. 


. Instruction manual 


In their current form, these do not always contain all the 
information required by the Directive. Where the omis- 
sions are minor, they may be covered by a supplement 
which can be included at the next scheduled printing. 
Typical omissions are: airborne noise emissions, installa- 
tion and assembly instructions to reduce noise or 
vibration, warnings on ways in which the machinery 
should not be used, ete. 


¢ Inspection and testing 


This would cover the typical tests required and the loca- 
tion at which these may be undertaken. This allows the 
Client to make advance preparations for sampling and 
testing. The local LR surveyor’s involvement regarding 
the selection of samples, inspection and testing would 
also be discussed. 


° Fees 


Information would be gathered to allow a fee quotation 
to be prepared. This would cover the types, number of 
machines and location of testing, 


. Time scales 


These would be discussed and assessed in relation to the 
average times anticipated for each part of the approval 
taking into account the requirements of the manufacturer 
and the Notified Body. This gives both parties some idea 
of the timescale to which they must schedule their work. 


The following documents have been prepared to assist 
with these discussions between the manufacturer and 
Lloyd’s Register (LR): 


¢ LR PRODUCT CERTIFICATION SYSTEM 


PROCEDURE PC93 

e GUIDANCE NOTES FOR THE MACHINERY 
DIRECTIVE 

¢ REQUEST FOR LR PRODUCT CERTIFICATION 
TO EC DIRECTIVES 


The Procedure PC93 gives information on the procedures 
LR applies in dealing with Product Certification to the 
Directives and are uniformly applied by LR worldwide. 
They cover topics governing the application, the informa- 
tion to be submitted for review, the inspection and testing 
requirements and the issue and control of certificates. 


The Guidance Notes detail some of the more important 
issues contained in the Machinery Directive as amended. 
Details such as: Routes to Attestation, dates of implemen- 
tation, CE Marking, etc. 


The Request Form, allows the Client's data and the perti- 
nent information relating to the approval to be recorded. 
A completed request form is required for all work under- 
taken by LR. 


3.2.2 Risk Assessment 


A risk analysis is a process whereby the hazards presented by 
the machinery at various stages (e.g. the design, manufacture, 
operation, maintenance, etc.,) are assessed and documented to 
allow corrective action to be taken to eliminate or minimise 
these hazards and produce an acceptably safe machine. Annex I 


of the Machinery Directive lists the essential requirements 
which the machinery must satisfy. It is the responsibility of the 
manufacturer to identify those hazards presented by his 
machine and taking into consideration the state of the art, take 
all reasonable precautions to eliminate or minimise them. 

A risk assessment would normally cover the following 
points for the hazards given in Figure 8 and may be laid out as 
shown in Figure 9. 


the hazardous situations and events that can cause harm, 

¢ the foreseeable probability and severity of harm which 
could result, 

¢ the complexity of the machine as far as safety is 
concerned, 

¢ the human interaction with the machine during all oper- 

ations including foreseeable misuse, 

the intended use of the machine, 

the limitations of the machine, 

materials etc., to be processed, 

requirements for installation, commissioning, mainte- 

nance, cleaning etc., 

machinery safety features, 

accident history, (where available), 

experience required by personnel to operate the 


From the risk assessment, the manufacturer identifies the ESR’s 
to be complied with and decides on the corrective action to 
satisfy the requirements of the Directive. This process also 
assists with the identification of the documentation required to 
be included in the TCF. Guidance on risk assessment may be 
obtained from the following harmonised standards: EN 292, 
EN 414, prEN 1050. 


3.2.3. Documentation 


Having carried out the risk assessment, listed and stated how 
each ESR is satisfied, the documentation for the Technical 
Construction File is assembled. 

Machinery which has been in production for some time and 
been successfully sold in the market place for several years, 
prior to the Directive becoming mandatory, may prove a prob- 
lem with compliance with the Directive. Except, where the 
manufacturer took into account the latest guidance notes 
prepared by the various Manufacturing Associations and 
Government Bodies during its design. For the majority of 
manufacturers, it will be the assembling of the documentation 
which may cause a few problems in the early stages. This is 
primarily due to the way the information is required to be 
presented rather than it not being available. 


machinery. 
| ater es en ED es re ye) a 
Mechanical e crushing Electrical e contact with live parts, 
e shearing, e approach to high voltage live 
e cutting or severing, parts 
e entanglement, e unsuitable or poor insulation 
e trapping or drawing-in, e electrostatic 
e impact, e thermal radiation i.e. molten 
e stabbing or puncture, particles, chemical effects 
e friction or abrasion, from short-circuits, overloads 
. high pressure fluid, 
Thermal e burns and scalds e permanent loss of 
e hot or cold environment hearing acuteness 
e tinnitus 
e tiredness, stress etc. 
e effects such as loss of balance, 
e awareness etc. 
e interference with speech 
e communication, 
e acoustic signals etc. 
Vibration e transmitted to body or Ergonomic e physiological effects 
hands and arms . Psycho-physiological effects 
e human errors 
Radiation + radio frequency and micro-waves Materials and e contact with or inhalation of 
e infra-red substances fluids, gases, mists, fumes, 
e visible light dusts, having toxic, corrosive 
e ultra-violet and/or irritant effect 
e X and y rays e fire and explosion 
e a, B rays, electron or ion e biological and micro-biological 
e beams 
e neutrons 
Figure 8 


Hazards Generated by Machinery 
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Figure 9 


Risk Assessments - Example of Mechanical Hazards 


Hazard 


Mechanism Severity Occurrence 


Crushing 


Shearing 


Cutting 


Possible 
Likely 
Likely 
Possible 


Possible 
Possible 
Possible 
Possible 


Probable 
Probable 


Cams and linkages 
Knives 

Ram 

Drive sprockets 


Disabling 
Disabling 
Disabling 
Disabling 
Dams and linkages 
Knives 

Ram 

Drive sprockets 
Knife 

Sheet metal edges 


Disabling 
Disabling 
Disabling 
Disabling 


Disabling 
Low 


Entanglement 


Drawing-in or 


trapping 


Circumstances when 


Method of reducing Hazard 


Hazard occurs 


Normal use 
Servicing 
Cleaning 
Maintenance 


Normal use 
Servicing 
Cleaning 


Fixed and interlocked moveable guards 
Hopper mouth 1000mm from danger zone 
Hopper mouth 1000mm from danger zone 
Fixed guards 


Fixed and interlocked moveable guards 
Hopper mouth 1000mm from danger zone 
Hopper mouth 1000mm from danger zone 
Fixed guards 


Hopper mouth 1000mm from danger zone 
Edges smooth during manufacture 


Maintenance 


Possible 
Possible 
Possible 


Moderate 
Moderate 
Moderate 


Cams and linkages 
Drives and sprockets 
Drive belts 


Fixed and interlocked moveable guards 
Fixed guards 
Fixed and interlocked moveable guards 


Possible 
Possible 
Probable 


Moderate 
Moderate 
Low 


Drive sprockets 
Drive belts 
Conveyor belt 


Let us now consider the contents of a typical TCF. This is 
nota definitive list but an illustration of the typical information 
required to be included in a TCF. In general, a TCF should 
contain the minimum amount of information which will allow 
a third party to assess the machine’s compliance with the 
requirements of the Directive. 


° Technical Construction File Contents 


General drawings of the machinery showing its 
construction, power supplies, location of the guard- 
ing and safety arrangements with pertinent 
dimensions and material details. 

Description of the machinery, its operation and the 
control systems supplemented with circuit diagrams 
for the electrical, hydraulic and pneumatic systems 
as necessary. 

Description with drawings, where necessary, of the 
safety arrangements and their functions. 

Any calculation notes, test results, etc., previously 
carried out, which were used in the design or to check 
conformity. 

List of the applicable ESR’s, witha description of how 
these are complied with. 

List of the applied standards or specifications used 
in the design of the machinery. These may be incor- 
porated in the descriptive list of compliance with the 
ESR’s. 

Details of the manufacturer’s markings on the 
machine. 

Instruction manual, ( the following may be required 
to be dealt with, transportation, installation, commis- 
sioning, cleaning, overhaul, maintenance, 
decommissioning, disposal and spares). 

Proposed Test schedule. 


° Instruction Manual 


There are specific requirements to be included in the 
Instruction Manual which are to be found in Annex I, para 
1.7.4 of the Directive. 


The following give some guidance on information which 
should be included: 


name and address of supplier, 
details of authorised service and repair agencies, 
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Fixed guards 
Fixed and interlocked moveable guards 
Drive roller spring loaded 


description of the machinery with pertinent data, 
information of the markings on the machinery: 

- name and address of manufacturer, 

- CE Marking, 

- designation of series or type, 

- serial number, if any, 

- year of construction, etc. 

installation process including requirements for foun- 
dations, power supplies, services, ambient conditions, 
minimising noise and vibration, workstations, etc., 
assembly and dismantling, 

commissioning procedures, 

operating instructions, 

control systems including circuit diagrams for elec- 
trical, hydraulic and pneumatic systems, 
adjustment procedures including details of any tests 
which are required after adjustment, 

tools which can be used with the machine, how fitted 
and set, 

maintenance requirements (servicing, cleaning and 
repair) including details of any test requirements on 
completion. Periodic examination and/or mainte- 
nance should be possible with equipment or tools 
generally available or such tools or equipment should 
be provided with the machinery, 

specification for any fluid to be used in hydraulic 
systems and for lubrication, braking or transmission 
systems, 

details of spares and their fitting, 

precautions including warnings of dangers and 
known areas of misuse, 

any necessary drawings to illustrate the foregoing, 
vibration levels , 

noise emission information. The condition of the 
machinery when the noise levels were measured 
must be stated. (These may be measured in accor- 
dance with ISO/DIS 8500 and ISO/DIS/230 in the 
absence of other suitable standards.), 

information where the machinery can be used in 
potentially explosive atmospheres, 

When the machinery may be used by a non-profes- 
sional person, the instructions should take this into 
consideration. 


This TCF is now submitted for review. 


Note: 

The Instruction Manual must be drawn up in one of the 
Community languages acceptable to Lloyd’s Register. 
When the machinery is put into service, the Instruction 
Manual must be in the language of the country to which 
it is being supplied and accompanied with a copy in the 
original language. Where the maintenance is only to be 
carried out by specialist personnel employed by the manu- 
facturer then the maintenance instructions may be in one 
Community language which is understood by them. 


Review of Documentation 


On receipt of the documentation, it is allocated to an Engi- 
neer authorised to conduct reviews for Annex IV 
machinery of the type involved. During the review of the 
TCF the following points are considered: 


¢ contents, to ensure all the requirements have been 
covered, 

¢ all applicable ESR’s have been taken into considera- 
tion, 

¢ methods applied for compliance with the ESR’s 
satisfy the requirements, 

¢ — instructions are clear and do not contradict any of the 
ESR’s, 
standards have been correctly applied, 
required data and markings are given and are correct, 

* necessary tests to demonstrate conformity, if not 
already carried out and supported with acceptable 
test reports, are included in the test programme, 


Any discrepancies found during the review, are advised 
to the client to allow him to take the necessary corrective 
action. The amendments are reviewed for confirmation. 


Inspection and Testing 


On completion of the documentation review, during 
which the inspection and testing requirements have been 
discussed and agreed with the manufacturer, arrange- 
ments will be made to witness these in accordance with 
the test schedule. These inspection and tests will be 
carried out by the local LR office at the manufacturer’s 
works or test laboratory as agreed. 


The following illustrates a typical test schedule: 
1. Visual and dimensional inspection 


To confirm that the machinery is constructed as per 
the drawings, that the clearances and openings are 
as stated on the drawings and in the TCF and that 
the requirements of the applied standards, etc. are 
satisfied. 


2. Check of alarms, interlocks, safety functions, safe- 
guards, visual and audible warnings 


Verify functionality of each alarm and safety feature 
in terms of operation, visual and audible signals and 
that it will alert the operator or other personnel in 
the vicinity to a possible dangerous situation. 


3. Operational test covering each mode of operation 


The machinery is operated in and from each control 
position in turn to confirm that the safety feature 
functions are satisfactory and provide the necessary 
protection to the operator(s) and other personnel in 
the vicinity. 
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4. Check of Emergency Stop and speed of response 


Check the emergency stop function. Where several 
command stations may be selected, confirm that the 
emergency stop cannot be isolated with the 
command stations. It must also be able to bring the 
machinery to a safe condition within the required 
period of time. After activation and correction of the 
fault, the machinery must only start by a positive 
command from the operator. 


5. Check system restart after shutdown command 


Check that after a shutdown command, facilities are 
provided to allow the tool position etc. to be adjusted 
to a safe position, when required, before any inves- 
tigation is carried out. Also, that the machine will 
only restart by a command from the operator once it 
is safe to do so. 


6. Check of hydraulic and pneumatic system safety 
devices 


Check their relief arrangement settings, safety inter- 
lock functions, securing, containment and protection 
arrangements. 


7. Check safe distance provisions 


Check that the safeguards prevent the operator 
and/or other personnel in the vicinity from entering 
a dangerous area while the machine is operating. 


8. Electrical tests 


General inspection and tests as per EN 60204, for 
example: 


continuity of the protective bonding circuit, 
insulation resistance tests, 

voltage tests, 

protection against residual voltages, 
electromagnetic tests, 

functional tests, 


9. Check operation of any optional equipment which 
may be fitted 


Check any optional equipment which can be fitted 
to the machinery to ensure it does not affect the 
machine's safety. 


10. Check markings 


Check the markings on the machine to ensure they 
are correct and comply with the information given 
in the TCF. 


On completion, a test report is drawn up and signed 
by the witnessing representatives of the manufac- 
turer and Lloyd's Register confirming the accuracy 
of the contents. This is submitted to the reviewing 
office for verification with the requirements. 


Certification 


On satisfactory review of the test report and if all other 
requirements have been met, an EC Type Examination 
Certificate is prepared and signed by the authorised engi- 
neer. This certificate contains the information required by 
the Directive and is forwarded to the client to add to and 
complete his TCF. 


The documentation and certification reviewed in the 
process of issuing an EC Type Examination Certificate is 
retained by Lloyd's Register for the statutory period in 
compliance with UK National Law. 


e Signing of Declaration and Affixing CE Marking 


Having received the EC Type Examination Certificate, the 
client may now prepare his DECLARATION of 
CONFORMITY. The contents to be included in the Decla- 
ration are found in Annex II of the Directive. Once the 
manufacturer or his representative is satisfied that his 
machinery satisfies the requirements of the Directive(s) 
applicable to it, the Declaration is signed and the CE 
Marking affixed. 


A sample format fora Declaration of Conformity is shown 
in Figure 10. 


For Safety Components which have been Type Examined 
in compliance with the Directive a Declaration of Confor- 
mity is prepared but the CE Marking is NOT affixed. The 
CE Marking on the machine, after incorporation, covers 
these components. 


Note: 

The CE Marking is not affixed to machinery covered by 
a Declaration of Incorporation. A sample format is 
shown in Figure 11. 


3.3 Modifications to Annex IV Machinery 


Where modifications are to be made to machinery which is 
covered by an EC Type Examination, then the manufacturer or 
the responsible person must advise the Notified Body of the 
proposed changes. Even minor changes must be advised. On 
receipt, the Notified Body will review the modification details 
and advise if the certificate remains valid or if additional testing 
is required. The manufacturer may then take corrective action 
to allow either an amended or a new certificate to be issued. 


3.4 Conclusion 


This section of the paper has aimed at clarifying the process of 
carrying out an EC Type Examination and may be useful as a 
future reference document. This has been done by: 


¢ demonstrating that the process of attestation to the 
Machinery Directive is generally a drawing together of 
current practice in the industry, 

* giving guidance on the contents expected in the docu- 
mentation and that it should be presented in a prescribed 
manner and, 

¢ helping with the understanding of the procedure to be 
followed to meet the requirements of the Directive. 


Co-operation and dialogue between the manufacturer and LR 
is important for machinery listed under Annex IV of the Direc- 
tive. It assists in streamlining the procedure, minimising 
problems and minimising the time taken for the approval 
process. 


Note: 

For manufacturers whose machinery is not listed under Annex 
IV, the route is similar to that described above with the follow- 
ing exceptions: 


¢ The services of a Notified Body are not necessary. 
However, if a manufacturer wishes, he may use their 
services or those of another suitable competent Third 
Party. 


° Though they do not physically have to assemble the TCE, 
they must have identified its contents and be able to 
produce it when requested, by a competent National 
Authority i.e. in the event of an accident. The manufac- 
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turer should bear in mind that if the TCF is not produced 
within a reasonable time period, it could be interpreted 
that he failed to carry out his obligations under the 
Directive. 


EC DECLARATION OF CONFORMITY 


We hereby declare that the following machinery complies with the essential health and safety requirements of the 
Machinery Directive 89/392/EEC, 91/368/EEC and 93/44/EEC. 


This machinery has been designed and manufactured in accordance with the following transposed harmonised 
European standards: 0 


EN292 parts 1 and 2: 1991 Safety and Machinery - Basic concepts, general principles for design. 

EN294: 1992, Safety of Machinery - Safety distances to prevent danger zones being reached by the upper limbs. 
EN349: 1993, Safety of Machinery - Minimum gaps to avoid crushing of parts of the human body. 

EN418: 1992, Safety of Machinery - Emergency stop equipment, functional aspects - Principles for design. 

EN60204 part 1: 1993, Safety of Machinery - Electrical equipment of machines - Specification for general requirements. 


and to the following British Standards: 
British Standard BS5304: 1988, Safety of Machinery 


EC Type Examination is covered by Certificate No.:.................. 


Batewisi4 


Position: 
Address: 


Appointed by the manufacturer as the responsible person for signing this Declaration. 


Figure 10 
EC Declaration of Conformity 
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EC DECLARATION OF INCORPORATION 


We hereby declare that the following machinery is intended to be incorporated into other machinery and must not be 
put into service until the machinery into which it is incorporated has been declared in conformity with the essential 
health and safety requirements of the Machinery Directive 89/392/EEC, 91/368/EEC and 93/44/EEC and CE Marked. 


Machine description: 
Make: : TY Pea pyeacaeben See. re sats See ; 
Serials NWumberc, .cesr co... coe ee 


Manufactured by: 
Address: 


This machinery has been designed and manufactured in accordance with the following transposed harmonised 
European standards: 


EN292 parts 1 and 2: 1991 Safety and Machinery - Basic concepts, general principles for design. 

EN294: 1992, Safety of Machinery - Safety distances to prevent danger zones being reached by the upper limbs. 
EN349: 1993, Safety of Machinery - Minimum gaps to avoid crushing of parts of the human body. 

EN418: 1992, Safety of Machinery - Emergency stop equipment, functional aspects - Principles for design. 

EN60204 part 1: 1993, Safety of Machinery - Electrical equipment of machines - Specification for general requirements. 


and to the following British Standards: 
British Standard BS5304: 1988, Safety of Machinery 


EC Type Examination is covered by Certificate No.:.... 


Issued by: 
Address: 


A technical construction file for this machinery is retained at the following address: 


Signed: ete eae Dates. 2s 
Name: Pee Pf Position: RP GATOS SRE EO eee Re 
Address: 


Appointed by the manufacturer as the responsible person for signing this Declaration. 


Figure 11 
EC Declaration of Incorporation 
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4 CONCLUDING REMARKS 5. ACKNOWLEDGMENTS 0 


The authors wish to acknowledge the assistance and comments 
of their colleagues in the Type Approval Department of Lloyd’s 
Register. Also the valuable comments of the reviewers. 


4.1 Directives will have an increasing impact on trade within 
the European Union (EU). In consequence they will have, 
and continue to have, a major effect on LR’s business in 
both traditional and non-traditional areas of work world- 
wide. Directives requiring the CE marking of equipment 
offered for sale within the EU will in many instances 
require the services of a body such as LR. 


4.2 Bearing this in mind this paper has been prepared to 
provide surveyors with sufficient understanding of the 
principles and application of Directives to allow informed 
discussions with prospective clients. Because of the 
volume and variety of the subject it has been difficult to 
select suitable topics to keep the paper within manageable 
proportion whilst maintaining its usefulness. As a conse- 
quence the paper is not intended to replace the various 
Directives, but to be an aid to deciphering and under- 
standing their language, form and contents. 


4.3 Further, it must always be remembered that Directives are 
the method by which the EU Member States unify their Y 
different legal requirements in order to remove existing 
barriers to trade. The process of obtaining this unification 
is laborious, and often results in confusing requirements 
as each Member State tries to incorporate its own current 
laws. In spite of this, Directives in general are effective, 
though the playing fields are as yet by no means level. 
However leveling will eventually come as implementa- 
tion and interpretation becomes more standardised 
throughout the Member States. 


4.4 At long last Directive formats are beginning to follow a 
standard pattern. e.g. The paths of attestation are follow- 
ing the Council Decision (90/683/EEC) “concerning the 
modules for the various phases of the conformity assess- 
ment procedures which are intended to be used in the 
technical harmonisation directives”. This increased stan- 
dardisation will help with the understanding of the 
requirements of future directives. 
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7 GLOSSARY 


CEN 
CENELEC 


ETSI 


EN 
HD 
ENV 
prEN 
prHD 
prENV 
NB 
ALB. 


Harmonized 
Standards 


OJ. 


Attestation 


Authorised 
Inspection Body 


Notified Body 


Competent Body 


Hazard 


Risk 


Risk assessment 


European Committee for Standardization. 


European Committee for Electrotechnical 
Standardization. 


European Telecommunications Standards 
Institute 


European Standard 
Harmonization Document 
European Prestandard 

draft European Standard 

draft Harmonization Document. 
draft European Prestandard 
Notified Body 

Authorised Inspection Body 


a technical specification adopted by a Euro- 
pean Standards organization to satisfy the 
requirements of a directive and which is 
published in the O.J. 


Official Journal of the European Community 


approval route by which compliance with a 
directive may be demonstrated. 


a third party authorized to perform the 
conformity assessment tasks specified in the 
Simple Pressure Directive, which has been 
appointed by a Member State from the bodies 
falling within its jurisdiction, which has the 
necessary qualifications, meets the require- 
ments laid down in the directive and has 
been notified to the Commission and to the 
other Member States 


a third party authorized to perform the 
conformity assessment tasks specified in the 
directive, which has been appointed by a 
Member State from the bodies falling within 
its jurisdiction, which has the necessary qual- 
ifications, meets the requirements laid down 
in the directive and has been notified to the 
Commission and to the other Member States 


a third party authorized to perform the 
conformity assessment tasks specified in the 
Electromagnetic Compatibility Directive, 
which has been appointed by a Member State 
from the bodies falling within its jurisdiction, 
which has the necessary qualifications, meets 
the requirements laid down in the directive 
and has been notified to the Commission and 
to the other Member States 


is a source with the potential to cause harm 


is the possibility of an undesired event occur- 
ring due to the realization of a hazard. 


is a qualitative or quantitative evaluation of 
the chance that a hazard will cause harm, 
which identifies and takes account of all the 
significant factors that can affect the chance 
and extent of harm, and which reaches a 
conclusion on whether and how manage- 
ment of such factors needs to be improved, 
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to eliminate or lesson that chance. 


Directives 


Statutory 
Instruments 


European Union 
Member States 


EFTA Member 
States 


Competent 
Authority 


CE Marking: 


Authorized 
Representative 


Putting into 
Service 


Placing on the 
Market 


Transitional 
Period 


Presumption of 
Conformity: 


Technical 
Documentation 


agreed safety requirements accepted by all 
Member States which must be transposed 
into their. National Law giving one universal 
set of European requirements. 


these are UK National regulations which 
transpose the European Directives into UK 
Law. Other Member States have equivalent 
regulations. 


Belgium; Denmark; France; Germany; 
Greece; Ireland; Italy; Luxembourg; Nether- 
lands; Portugal; Spain; UK; Austria; Finland 
and Sweden 


(European Free Trade Association) Norway; 
Liechtenstein; Iceland and Switzerland 


a body appointed by the Member State to 
monitor, in that state, compliance of products 
with a Directive. 


is a logo affixed by a manufacturer to show 
that his product is in conformity with the 
requirements of a Directive. 


Note: it is not a quality mark. 


a person established in the European Union 
who is appointed by a manufacturer to act on 
his behalf in carrying out certain duties 
required by the Directive. 


first used within the Community by the end 
user of a product covered by a directive. 


the initial action of making available on the 
Community market, for payment or free of 
charge, a product covered by the Directive, 
with a view to distribute and/or use in the 
Community. 


the [period between the date on which a 
directive enters into force and the mandatory 
date during which either the national law 
implementing the Community directive or 
the previous national law may be applied. 


products which meet national standards that 
have transposed harmonized standards 
whose title has been published in the O.J. 
confers a presumption that the essential 
requirements covered by the standards are 
satisfied. 


a file containing certain technical informa- 
tion which demonstrates the conformity of 
the product with the essential requirements 
of the directive. 
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Discussion on the Paper 


AN INTRODUCTION TO EC DIRECTIVES AND THEIR APPLICATION 
by 


G. G. Ferrier and M. Hayter 


DISCUSSION 


From Mr C S Wade 


This Paper gives a valuable insight into a number of EC 
Directives which, directly or indirectly, affect the work of 
Lloyd’s Register. 

However, of necessity perhaps, reference appears to have 
been confined to directives intended to secure the free move- 
ment of goods within and between the member states of the 
Union. The Paper does not make reference to the Directives on 
Classification Societies, on port state control and on marine 

Orr: all of which are extremely important so far as 
Lloyd’s Register’s core business is concerned. Perhaps the 
Authors would care to comment on this apparent omission. 


To Mr C S Wade 


It is true that the Paper is limited in the number of Directives 
covered. In view of the scope and variety of Directives of 
interest to LR, the number was limited to permit reasonable 
coverage within the constraints of the allowable paper 
length. It was only after protracted discussions that we 
decided to concentrate on those for which we were currently 
appointed. 

In view of their importance, it was considered that a sepa- 
rate LRTA paper covering Classification Societies, Port State 
Control and Marine Equipment would be required. Similarly 
the proposed Pressure Equipment directive which will have 
an important impact on LR’s core business will also need to be 
covered. 

In essence, the present Paper was intended as a lead into 
Directives by covering those of immediate interest and should 

@. considered as the first of a series on EC Directives prepared 
for the benefit of the Society’s staff. 


From Mr R Lovell 


The Authors are to be congratulated on a topical paper that 
should be of considerable value to all LR offices and staff. The 
Paper being in two parts, I shall direct a question to each part. 


1. The UK has no written constitution. We are governed by 
common law, precedent and debate in Parliament. The 
description of the Single Market and the passing of 
Directives clearly shows that the UK is now being governed 
by bureaucrats compiling Directives, Communications and 
Resolutions. These are not debated in Parliament but they 
do pass into law and so govern the people of the UK. In the 
Authors’ view, do they think the current structure will hold 
and survive or will the above undemocratic aspect eventu- 
ally be its undoing? (Note that lately Mr Delors has been 
quoted as denying views he held as recently as three years 
ago). 


2. The Paper has been written with emphasis on the use of 
standards. If emphasised too much it may habituate survey- 
ors to insist on standards in all cases to the detriment of 
progress /development/new inventions. Given the growth 
of liability claims how would the Authors suggest we avoid 
developing a ‘standards mentality’? 


To Mr R Lovell 


Two very interesting questions which have clear implications 
for LR. These will be answered separately. 


1. The initial texts of Directives are prepared by EU bureau- 
crats — i.e. the Commission. These texts, after consultation 
with interested parties, are formally proposed by the 
Commission to the Council where final agreement is 
reached at a Council of Ministers’ meeting, i.e. the Ministers 
of the national elected government. 

In the UK, the texts, as proposed by the Commission, are 
studied by a standing committees of both Houses of the UK 
Parliament. Any views expressed by these committees are 
incorporated in the UK brief for negotiation at Council 
level. Ministers have also given Parliament an undertaking 
that no Directive will be agreed by the UK until these parlia- 
mentary committees have been consulted and given their 
views on the final text. 

In addition it has always been a requirement of the 
Treaty that the European Parliament — an elected body - 
shall give an opinion on proposed texts before they are 
finally agreed. Initially, there was no obligation for minis- 
ters to take any notice of European Parliament comments. 
This situation was changed by the Maastricht Treaty in 
which the European Parliament was given substantially 
enhanced powers. These extended powers are effected, in 
respect of Directives, by the Parliament having a “second 
reading” of the text after it has been agreed by a Council 
of Ministers. At this second reading, the European 
Parliament may request further changes to the text. If these 
proposed changes cannot be agreed or a satisfactory 
compromise reached, adoption of the Directive can be 
prevented. 

All this points to the fact that the system never was 
undemocratic as some people would like to assert, but has 
been made more democratic by the Maastricht Treaty. 


2. It was not our intention to emphasis the use of standards 
and certainly not to the extent of encouraging Surveyors to 
insist on the use of standards. We hoped that the first two 
paragraphs of Sections 1.4 of the Paper would make this 
situation clear. 

Standards area means of demonstrating compliance with 
the requirements of Directives but not the only means. The 
drive to use standards is much more likely to come from 
the manufacturer since for many Directives they allow, if 
harmonised, a presumption of conformity and an easier 
Attestation route. Hence using a harmonised standard will 
benefit the manufacturer by saving time and money. As a 


result perhaps it will be almost impossible to prevent the 
development of a “standards mentality” by the manufac- 
turers, but hopefully not by the Notified Bodies. 


We certainly agree that the development of a “standard 
mentality” could be to the detriment of new inventions. 


From Mr ] R Maguire 


I compliment the Authors on a timely and useful paper. As 
regards wind turbines, it appears that a number of EC direc- 
tives are relevant, namely: 


a) product liability (85/374/EEC); 

b) product safety (92/59/EEC); 

c) construction products (89/106/EEC); 

d) machinery (89/392 /EEC); 

e) electromagnetic compatibility (89/336/EEC); and 
f) low voltage (73/23/EEC). 


Would the Authors agree that this is so, and that in this case 
the EC directives fit in with other requirements as shown in 
Figure D1? 


Legal (general safety) Requirements 


EC 
Directives 


Implementing 
Legislation 


Planning 
Requirements 


Utility 
Requirements 


To Mr J] R Maguire 


In respect of wind turbines the Product Liability pinvctive 


certainly applies. As regards the other Directives mentioned; 
it has always been argued that a wind turbine is most 
certainly a machine within the definition of the Machinery 
Directive, and is therefore subject to this Directive and its 
amendments. This in turn removes it from the scope of the 
General Product Safety Directive — because it is already 
covered by another Directive — and as it can hardly be argued 
that the major hazard is electrical The Low Voltage Directive 
does not apply. (In reality the requirements of the Machinery 
and Low Voltage Directive are now so nearly the same it is 
little more than academic which Directive is applied). 
The Electromagnetic Compatibility Directive applies. The 
Construction Product Directive (C.P.D.) applies only in so far 
as a wind turbine is normally mounted on a building struc- 
ture. However it must be remembered that the C.P.D. is a very 
strange Directive that allows different application in different 
Member States. 

Figure D1 has been suitably amended to illustrate the rela- 
tionships. 


Recognised Technical 
and Quality 
Requirements 
(technical basis) 


Codes 
& Standards 


Health and Safety at 
Work Requirements 


Identify Essential Requirements 


: 


Conformity assessment 
(Verification & Testing) 


fe 


Type Examination 


Product Marks/Type Approval/ 


Figure D1 


From Dr A G Darlison 


Is it UK Government policy to appoint private sector organi- 
sations as Notified Bodies and are there any general 
requirements on Notified Bodies, such as accreditation to 
EN 45011? 


To Dr A G Darlison 


Notified Bodies (NBs) are appointed by their national govern- 
ment and will have been required to demonstrate their 
compliance with the requirements set out in the respective 
Directive. They may be government agencies or from the 
private sector. The EMC Directive is an exception where the 
NBs are government agencies while the Competent Bodies are 
from the public sector. 

Each Directive contains an annex listing the minimum crite- 
ria to be taken into account when appointing a NB. It is not a 
requirement for NBs to be accredited. 

The EN 45000 series of Standards was originally produced 
to apply to the accreditation of test and Certification Bodies 
set up voluntarily in the private sector as opposed to the regu- 
lated sector governed by Directives. There has been a move by 
the Commission to make the EN 45000 series the basis for the 
appointment of NBs. Some Member States are in agreement 
with this and use relevant sections in their criteria for appoint- 
ing NBs. The main problem area is the composition of the 
governing body i.e. requirements necessary when using this 
Standard for setting up Certification systems in the private 
sector but which are not fully applicable to the regulated sector. 
However, if a Body is accredited to the EN 45000 series then 
the criteria for appointment would be satisfied provided it 
covers the relevant competency of staff. 


From Mr A G Forton 


One major objective of the EC Directives is the mutual recog- 
nition of Certification throughout the EU. 

In view of the undefined criteria used by the national author- 
ities of the Member States to appoint Competent/Notified 
Bodies for the various Directives, what measures are available 
to ascertain that the qualification and methodology of the 
Certifying Bodies are truly comparable? 


To Mr A G Forton 


Where a group of countries form a trading relationship there 
will always be a degree of claimed inequality of the standard. 
If a system is to function then there must be a certain degree 
of trust that the minimum requirements are being enforced 
universally. 

As mentioned in the previous question, the Commission 
are reviewing in conjunction with the Member States, the 
requirements for Notified Bodies. In the near future it is antic- 
ipated that agreed universal requirements will emerge based 
on the EN 45000 series. 

This is being assisted through the European Accreditation 
Council which is, through Peer Audits, trying to standardise 
the level of competence of National Accreditation Bodies. 
To date there are still some Member States who have yet to 
create Accreditation Bodies or to achieve the required mini- 
mum standards. 

It is perhaps pertinent to consider whether or not it is 
important or relevant for qualifications and methodology of 
appointed bodies to be truly comparable. Once the system of 


having to use Notified Bodies is established, their customers 
will seek Certification at the lowest price conducive with 
having confidence in the certification issued. As a result, it 
will be the customers who will ultimately vet the Notified 
Bodies. Almost certainly, certificates will be issued for prod- 
ucts which may not satisfy the Directive's requirements. There 
may even be accidents. But bodies who issue such certificates 
will either quickly mend their ways or lose their business. 
Similarly, bodies who offer and charge for a “Rolls Royce” 
service where a “Ford” would be adequate will suffer from 
lack of business. 

If left alone, it is probable that the system will become self 
regulating and self balancing because there will be equalising 
forces at work. If interfered with, it will become unbalanced 
in view of the impossibility of setting quantitative criteria for 
engineering judgement. 
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SYNOPSIS 


The increased use of computer technology within all sectors of 
the engineering industry has created the opportunity for all 
lifecycle product information to be managed in a more flexible 
and consistent manner. This paper discuss how the market 
conditions under which LR now has to trade have made the 
need for the electronic data interchange more urgent. It then 
proceeds to outline the emerging International Standard for 
product model data exchange (STEP), which LR has been devel- 
oping in conjunction with other major shipping industry 
organisations. The development of STEP within the Shipbuild- 
ing and chemical process industries is discussed, along with its 
importance within the context of Ship Classification. There is 
analysis of current working practices which are compared with 
the possible advantages to be gained by the conversion to a 
more electronic working environment. The underlying princi- 
ples which govern good practice for electronic information 
management are put forward, together with how the imple- 
mentation of the Standard within LR will have a beneficial 
impact on the business efficiency of all divisions within the 


aa) organisation. 
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1 INTRODUCTION 


The need to reduce the time to market and yet obtain a higher 
level of quality has effected all industries such as aircraft manu- 
facture, automotive manufacture and shipbuilding Also, the 
increased use of Computer Aided Design (CAD) and electronic 
working has led to data explosion and data management prob- 
lems for all large global engineering companies that have 
invested in these technologies. 

Lloyd’s Register (LR) has been affected by these trends too 
and in particular there is pressure for LR to collate, transfer and 
manage data electronically. This is because LR’s core business 
relies upon the ability to exchange information for Classifica- 
tion with ship owners, shipbuilders and a large number of 
external organisations. As the pressure to manage and 
exchange electronic data more effectively increases within 
these client organisations, then there is a need for LR to respond. 
Certainly, any LR corporate strategy will require that the right 
data, is in the right place, at the right time. 

The development of the STEP standard provides an oppor- 
tunity for this requirement to be satisfied. STEP aims to provide 
a standardised representation of an engineering product, such 
as a ship, ina computer interpretable neutral format, through- 
out its lifetime. The standard definitions can be used for data 
exchange and for shared access to databases based on a stan- 
dard data. 

Furthermore, there is world-wide commitment to imple- 
menting a common International Standard which will form the 
foundation for new information technologies that support 
Concurrent Engineering (CE) and Computer Integrated Manu- 
facture (CIM), and that ultimately reduce the time to market. 

In the aircraft industry, Boeing has made a concerted effort 
to pilot STEP and to move toa total electronic design and mock- 
up environment and in the U.K. similar implementation 
activity is on-going within Rolls Royce and British Aerospace. 
In the automobile industry, General Motors has invested in an 
initiative to achieve 100% data sharing. Moreover, there are 
national STEP implementation centres in the US, Japan, 
Germany, France, Italy, China and Russia. 

Central to the benefits that companies within these countries 
are gaining is the ability to re-use product data. This re-usability 
facilitates concurrent engineering by allowing multi-disci- 
plinary teams access to the data they need, and facilitates 
integration and automation of design and manufacturing 
processes. 

Within the shipbuilding and process industries, LR has 
taken a key role in developing STEP and now LR is now begin- 
ning to implement data exchange processors for its systems. 
The effort has been part of the collaboration on the ShipSTEP 
project which is being led by LR and involves Odense Steel 
Shipyard, Napa Oy, VSEL, MARIN, Kochums Computer 
Systems (KCS) and Det Norske Veritas (DNV) and LR’s 
ShipRight Software Systems Development team. Other compa- 
nies working at the ISO level include US and European 
shipyards and the Japanese Marine Standards Association. 

This paper aims to present the business need and informa- 
tion technology that underpin the development and use of 
STEP for shipbuilding. 

The essential background information is given in Sections 2 
and 3. Section 2, describes how market conditions mean that 
there is an increasing need to exchange information and how 
the introduction of CAD technology has led to the need for elec- 
tronic exchange. Section 3 describes the background to STEP 
development as a solution to electronic exchange and elabo- 
rates on the content and structure of the STEP standard. 

Sections 4,5 and 6 explain the importance of STEP and Prod- 
uct data exchange within the context of Ship Classification. 
Section 4 describes the STEP standard as it is being developed 
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for the shipbuilding, process and offshore industries. Section 5 
contrasts the existing data exchange within ship classification 
with that of STEP based exchanges and highlights the signifi- 
cant differences and advantages with the product data model 
based approach. Section 6 goes on to explain how individual 
translating programs that perform the exchange can be devel- 
oped. 

Section 7 summarises the technical difficulties that need to 
be overcome in order for the full vision of product data working 
can be realised. Section 8 details the benefits that can be 
achieved with adopting the approach both in the short and 
longer terms. Section 9 offers the conclusions and highlights 
how the STEP related work is part of the wider need to prepare 
for electronic classification. 


2 BUSINESS BACKGROUND 
2.1 The need to exchange 


Ship classification provides one example within LR’s business 
of the demands on LR for sharing and exchanging data. The 
shipping industry is very competitive with shipping regarded 
as one of the cheapest forms of transport. Consequently, freight 
rates are low and reducing [Reference 1] and there is an associ- 
ated drop in profit margins for owners and operators. Therefore 
owners are looking to keep costs down in order to compete. 

Consideration of the current status of the ageing world fleet 
gives a further insight into possible future business trends. The 
average age of propelled sea-going merchant ships (greater 
than 100 gross tons) is approximately eighteen years 
[Reference 2]. This implies that new building will have to 
increase in the near future. There are indications that this new 
building is already happening as the current size of the world 
fleet is greater than that of the mid-eighties, as can be seen in 
Figure 1. 

Statistics for new orders in 1994 suggest that the fleet will 
continue to grow with new orders in 1993-4 increasing by 
approximately 12.7 % [Reference 3]. 

This potential for growth is attracting new entrants into the 
market. Recent developments in countries such as the China, 
USA, Eastern Europe and Eastern Asia, signify their aim to 
compete with the established players. As an example, the US 
has launched a new initiative to assist military yards in chang- 
ing their operations to serve the commercial market. LR’s own 
expansion and predictions of growth in China gives further 
weight to the argument and is an indication of the expected 
growth in that country. 

For shipbuilders the strong competition in the industry 
means that it is difficult to sell ships as owners are keen to keep 
prices down. This has required shipbuilders to cut costs as well 
and reduce the time it takes to get the ship to market. Indeed, 
between 1990 and 1994 the average time from laying the keel 
to completing the ship has reduced by approximately 22%. In 
particular a drop from approximately 10 months to 8 months 
for general cargo ships and 7 months to 5.5 months for bulk 
carriers (Source: Ship Division Database). 

It is these overall conditions that have meant that both ship 
owners and shipbuilders have found themselves in a very 
tough competitive environment, which also affects the Classi- 
fication Societies. 
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For LR, the relationship with its customer, the ship owner, 
is important. However, ship owners will be greatly influenced 
by the preferences and advice of the shipyard. If a shipyard 
believes that a particular Classification Society has an adverse 
effect on the cost or time of delivery of the ship then an owner 
can be persuaded to class the ship differently. The ship owner 
not only wants a cheaper ship, but also prefers one that is deliv- 
ered earlier. This is because the market for the ship’s cargo can 
be predicted more reliably in the short term, and so the ship 
owner can reduce the risk to which it is exposed by having the 
ship available earlier. 

LR canassist ship owners and shipyard alike. In many cases 
the Classification Society lies on the critical path for ordering 
steel for the shipyard which is a significant and costly mile- 
stone in the ships construction. If LR shortens the time taken 
to complete its activities, then the lead time overall can be 
reduced: 

This presents LR with a challenge of how best to assist ship 
owners and shipyards in this competitive market whilst still 
ensuring safety standards. Moreover, the addition of new ship- 
builders into the market provides an opportunity for LR to 
expand its customer base and increase its market share. 

LR’s response is all the more important given the increasing 
competition for LR’s leading position in the Classification 
market. The market share in terms of Ships Classed with 
respect to other Classification Societies is presented in 
Figure 2. 

The inference is clear, if LR does not attend to the need of 
ship owners and their related shipyards to meet ever-increas- 
ing demands for completing ships in shorter times, then there 
is a danger our competitors will do so instead. 

This raises fundamental questions of strategy. Critical to 
the success of any chosen strategy will be LR’s ability to 
manage and exchange data more efficiently and effectively. 
This is because the Classification business of LR relies upon 
its ability to exchange information about ships with a diverse 
number of organisations throughout the lifecycle of the ship. 

Quicker exchange of information with shipyards will help 
cut their lead times and help them compete. A shorter time to 
market for shipyards will assist ship owners and improve LR’s 
standing and ensure LR can work co-operatively with its 
clients Basically, any strategy will require that the right data, 
is in the right place, at the right time. It will require that the 
data is readily accessible to those that need to do their work. 
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Figure 1 Completed Ships (Compensated Gross Tonnage) 
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Figure 2 Ship Classification of existing ships —- Market Share of major companies 


2.2 The need for Electronic Data Interchange 


More efficient communication should be achieved by the coor- 
dinated migration from paper based working methods to 
electronic based methods, although the parallel use of both 
systems is likely to continue for the foreseeable future. This 
coordinated migration is all the more important as the increas- 
ing use of computer technology throughout the working 
environment has created additional problems of data exchange 
and data management. 


2.2.1 Historical Development 


Computers have been used in the design of engineering prod- 
ucts for over 30 years. Many CAD packages have been 
developed to solve individual problems such as structural 
design coupled with finite element analysis. More recently a 
growing number of more sophisticated packages have been 
written including production engineering, work flow and 
materials control. Such packages now cover most aspects of 
design and have significantly improved design efficiency and 
productivity. However, CAD has not been the panacea that was 
once promised. The large number of CAD packages that have 
been developed have resulted in number of serious problems 
including data explosion and data management problems. 

The proliferation of CAD systems has seen an increase in 
both the data required and generated. This has limited the 
increase in productivity that was once promised. For a typical 
large engineering project, involving a million engineering man- 
hours over a 3 year period, 2 million input operations and 
24 million output or access operations were required. Further, 
300 drawings and 7 million data items were generated and 
processed between different design groups within a company 
and between a company and a contractor [Reference 4]. Such 
is the magnitude of the data generated by CAD systems in large 
engineering design projects and the associated data manage- 
ment problem. 

This has inevitably been expensive, both in terms of time 
and money. Greater production of data has required increased 
maintenance and data management to ensure its integrity and 
accuracy. Unsurprisingly, these costs have been realised in 
terms of increased project costs. In the Process Industries, the 
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cost of data handling in a contractor company has been calcu- 
lated as being approximately 35% of design time, representing 
almost 10% of total project cost. [Reference 5]. These figures are 
also representative of the shipbuilding and other engineering 
industries. 

The problems in data handling and data exchanging are 
related to the history of CAD development. Each CAD package 
has tended to use a proprietary data format. This generally has 
not allowed easy transfer of data between different CAD 
systems. Often data transfer simply involves repeated manual 
transcription. This activity is obviously very time consuming 
and prone to human error. 

Many of the above problems may be reduced through the 
introduction of an efficient electronic data exchange system 
which will facilitate the transfer of data between different 
computer applications. In fact extending this approach by 
introducing Electronic Data Interchange (EDI) so that the 
exchange of both technical CAD data and commercial contract 
data was possible would eliminate the need for manual tran- 
scription of data. 

A data exchange standard defines an appropriate neutral 
file format. Potentially, this allows a considerable range of infor- 
mation to be transferred; for example, the output from a CAD 
package could be used directly within a ship stability assess- 
ment package or used to partially automate the generation of 
a finite element analysis model. 


2.2.2 Consequences for CAD System Development 


These requirements have already filtered through to the IT solu- 
tion providers, who have developed both bespoke interfaces 
and standard interfaces. Also, more recently other solutions 
that aim to tackle the integration and lifecycle aspect have been 
developed. For these types of system the theory is that if an IT 
system can provide the functionality and data to give a ‘one- 
stop’ lifecycle solution then the historical problem of data 
exchange can be resolved. 

For example, key CAD/CAM vendors that provide design 
and production based systems to the shipbuilding industry, 
have bought competitors and complimentary software houses 
alike. These acquisitions have positioned the companies to 
provide systems with the capability of covering the ship- 
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Figure 3 Consequences for CAD development 


builders view of the lifecycle from initial design, through 
production planning to manufacture. 

Examples are not limited to the shipbuilding industry, all 
major CAD vendors offer modules and in-built databases that 
cater for the lifecycle data. These modules often maintain cross- 
references between the CAD models and the project related 
data, so that data management tasks for complex projects can 
be controlled and versioned from the CAD station. 

In fact this whole area has seen an explosion of solution 
providers, with over thirty companies ranging from IBM, Digi- 
tal and Hewlett-Packard to small specialist software houses 
providing Product Data Management Systems. These are 
systems that organise, access and control data related to engi- 
neering products for the lifecycle of those products, irrespective 
of other existing technology within the company. 

The difficulty with accepting any one of these solutions is 
that there will never be just one. For shipyards it is unlikely 
that one single system can ever provide all the functionality. 
There will always be excellent small scale systems that work 
better for a particular engineering problem (e.g. analysis, plate 
nesting). For LR, and other Classification Societies, indepen- 
dent verification capabilities are required. Thus different 
systems or in-house software will be required to check the 
validity of incoming data. 

Unfortunately, it follows that the original problem has thus 
returned. The introduction of computers led to some data 
explosion and data management problems. This led to the 
development of lifecycle based solutions which analyse and 
manage the data for each stage of design, manufacture and 
operation. These products had to be general in nature meaning 
much smaller specific systems for specific tasks are now used 
as well. This leads back to data explosion and data management 
across a number of systems and the maintenance of the complex 
web of IT systems. 

What is required is further fragmentation in the design of 
the traditional CAD system so that they differ in functionality 
and user interface but not in data. This is shown schematically 
in Figure 3. 

If the data comes already integrated, lifecycle based and 
standardised, then the problems of interfacing are reduced and 
the scope for application and integration of systems is greatly 
increased. This facilitates EDI and provides a solution for the 
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CAD exchange problem that lies at the centre of the overall 
difficult of trying to exchange data. 

If Classification Societies, Shipbuilders, Process Plant and 
Offshore contractors, owners, and related sub-contractors, all 
exchanged standard data which can be archived in a standard 
format, or input into a database that use standard data struc- 
tures, then they can all begin to get the business advantages 
outlined in Section 2.1. It was the fulfilment of these objectives 
which was the basis for the creation of the STEP standard 
[Reference 6] 


3. BACKGROUND TO STEP DEVELOPMENT? 
3.1 Introduction to STEP 


STEP is an acronym for the Standard for the Exchange of Prod- 
uct Model Data. It is the unofficial name for ISO 10303, an 
International Standard which has been developed within the 
International Standards Organisation (ISO) under the guidance 
of one of its Technical Sub-Committees, TC184/SC4. 

Development of the STEP standard officially began in 1984, 
and STEP was originally intended to be a successor to the IGES 
(Initial Graphic Exchange Specification) standard, and others 
similar to IGES such as SET (Standard d’Echange et de Trans- 
fert). However, after initial development and review it became 
clear that STEP would have to be significantly enhanced in 
scope and detail in order to meet the challenges of exchanging 
and sharing engineering data as mentioned in above 

The aim of STEP is the complete and unambiguous repre- 
sentation of a product, such as an automobile, aeroplane, 
offshore platform or ship, in a computer interpretable neutral 
format, throughout the lifetime of the product. The goal is to 
enable a product to be represented from the requirement defi- 
nition and conceptual design stages through to production, 
maintenance and finally decommissioning and dismantling. 
This representation is intended to include all geometric and 
non-geometric data associated with the product including 
topology, geometry, functionality, strength, current condition 
status, safety status and service history. 

STEP is based on the idea that the master definition of a prod- 
uct is related to its product structure. That is, to define a ship 
within STEP, basic identification information and ship structure 
information has to be provided. As part of that approach, geom- 
etry is taken as a particular type of representation of the ship 
and its structure. Thus STEP describes lines plans and produc- 
tion drawings as types of representations of the ship structure. 

The consequence of this is that when information on draw- 
ings is exchanged using STEP, it is not just the geometry on the 
drawing that is exchanged but information on how each 
element on the drawing relates to a particular part of a partic- 
ular ship. This is different to existing and previous exchange 
standards where only the ‘dumb’ geometry is exchanged. It is 
for this reason that STEP is referred to as being product based 
and not drawing or geometry based. It is also for this reason 
that STEP can be used as a set of standard descriptions for re- 


usable product based data, the total collection of which ar 
referred to as the product data model. 

STEP has been developed in conjunction with its own meth 
ods, so that it can be implemented in file exchange or database 
alike. 


3.2 STEP Structure 


In view of the complexity of most engineering products th 
product data model of STEP is subdivided into recognisab] 
and usable parts. A key STEP part is an Application Protoco] 
which provides the context, scope, definitions and test scena1 
ios that completely describe the data requirements for 
standard STEP exchange. Application Protocols are the onl 
parts of STEP that are intended to be used as the basis fc 
exchange. The content of an Application Protocol is discusse 
further in Section 3.3. 

Application Protocols that have been completed includ 
drafting, and configuration controlled design. Others in preps 
ration include ship structures and electrical applications. 

The need for so many different types of exchange of produ 
data has led to the development of many Application Protocol 
In order to ensure consistency between Application Protoco 
a number of basic core definitions, called resource parts, ¢ 
STEP integrated resources, have been defined as well. 

The STEP integrated resources contain those definitions the 
can be used by any Application Protocol these include produ 
structure, geometry, form features, materials and tolerances. 

So STEP can be considered to be formulated in a structur 
consisting of an application layer upon a resource layer and a 
implementation layer, (see Figure 4). 

Another significant difference between STEP and its pred 
cessors is that STEP uses recognised IT techniques. The dat 
definitions in both Application Protocols and Resource Par' 
are written in a formal data definition language calle 
EXPRESS. This language has been specified as an integral pa: 
of STEP [Reference 7]. Other, data definition languages used t 
establish the scope and content of the information mode 
include NIAM (Nijssen Information Analysis Method) an 
IDEF1X (ICAM Definition Method 1 Extended). 

In order to understand this structure properly it is importa1 
that Application Protocols and the EXPRESS language a1 
examined further. 
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Figure 4 Structure of STEP 
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3.3 Application Protocols 


As stated above Application Protocols (APs) are the only parts 
of STEP that can be implemented. They completely define a 
protocol for the exchange of information between two specific 
applications. To do this there are two very basic conditions they 
have to stipulate: 


. The actual data to be transferred and how it shall be tested 
to prove that it has been transferred. 


¢ The context and scope of activities in which it is to be 
transferred. 


For example, in the Ship Moulded Forms Application Protocol, 
AP216 [Reference 8]. the actual data that is described encom- 
passes ship geometry and ship hydrostatics. Also, the AP states 
that it can be used to exchange in any part of the ship lifecycle. 

In order to describe the context and content there are several 
supporting sections in the AP document which are further 
described below. 


¢ Scope definition — This is used to provide a context for the 
application protocol and to identify its limits of applica- 
bility. 


¢ Application Activity Model (AAM) -The AAM describes the 
context in which the AP is to be used for a product, such 
asa ship, and describes the range of activities or processes 
undertaken. It does this by identifying the information 
flows required between various activities for different 
exchanges. The activities and processes which are rele- 
vant to shipbuilding are put together in the AAM for 
Shipbuilding Application Protocols. An AAM_ is 
presented ina standard notation IDEF-0 [Reference 9]. An 
example is given in Appendix B 


¢ Definition of Application Objects — These are intended to 
describe, in English, the actual information which is to be 
conveyed in any data exchange. They are written to 
ensure that the exact requirements are clearly understood 
and interpreted. Consequently, many shipbuilding terms 
which are often taken for granted are now being standard- 
ised. 


¢ Application Reference Model (ARM) —- The ARM is a more 
rigorous definition of the information provided by the 
Application Objects. Usually the ARM is written using 
the EXPRESS-G notation though other IT techniques may 
be used The ARM is not intended to be implemented by 
itself, but occasionally this does happen in order that the 
standard can be tested as it is developed. 


¢ Application Interpreted Model (AIM) —- The AIM describes 
the data which is defined in the ARM by using application 
interpreted constructs and the integrated resource parts 
of STEP. It is the AIM that provides the standard data 
model which is used in data exchange operations. 


All these separate parts of an Application Protocol describe the 
characteristics of the data. The scope and the AAM defines the 
context of the Application Protocol and its limits of applicabil- 
ity. The ARM and AIM provide data models describing the 
requirements for exchange. Having the separation between 
ARM and AIM (a user view and a standard view) permits the 
basic entities in the integrated resources to be shared between 
different software applications in a consistent way. 

Integral to the whole use of STEP is the manner in which 
conformance testing is built into the standard. Every Applica- 
tion Protocol has an associated list of tests that can be applied 
to software claiming to conform to that Application Protocol. 
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The reason for this is to eradicate some of the inconsistency 
problems that were found with IGES. Thus STEP is unambigu- 
ous about the data that can be exchanged and about the validity 
of any system performing the exchange. The tests to be applied 
are provided as a supplementary part of the Application Proto- 
col. 


3.4 EXPRESS Data Definition Language 


EXPRESS is used in the definition of the ARM and AIM because 
it has the capability to define real world objects, their relation- 
ships, and the characteristics or attributes which these objects 
exhibit. It is a language which can be read by humans and inter- 
preted by computers. Its central concept is the ENTITY, which 
is a description of a real world object, either physical or concep- 
tual. 

Other facilities or constructs, in the language allow the defi- 
nition of sub-entities which represent the characteristics, or 
attributes, of a main entity in terms of the constraints which 
apply and the way in which entities relate to one another. 

To demonstrate the principles of EXPRESS let us say that we 
wish to create a simple model describing a ship. The main entity 
is an object called SHIP, and is depicted thus: 


ENTITY ship; 


END_ENTITY ; 


Figure 5 Very simple EXPRESS entity 


This statement on its own does not indicate anything about the 
ship in question. This main entity needs attributes which actu- 
ally represent the real world object being modelled. For 
instance, the ship could have a reference number (IMO 
number), and this has to be unique, i.e. there can be no two 
reference numbers in the system that are the same. The resultant 
EXPRESS is shown in Figure 6: 


ENTITY ship ; 
IMO_number : STRING ; 
UNIQUE 


IMO_ number; 
END_ENTITY ; 


Figure 6 Example EXPRESS entity 


Note that the attribute of the main entity (ship) has a name 
(IMO_number) which is to be represented by a string of char- 
acters, that is a data type (STRING). The model, however, does 
not actually describe any ships, so it is necessary to create sub- 
entities such as oil tanker, bulk carrier and passenger ship. 

The relationship of these sub-entities and the main or super 
entity (ship) can be defined by saying that oil tanker, bulk 
carrier and passenger ship are sub-types of ship. This means 
that these sub-entities will have their own attributes and they 
will inherit all the attributes of the main entity, ie. ship. In this 
case they all have a unique IMO number. 

The EXPRESS language also allows the definition of 
attribute calculations. This can be done in a simple manner by 
the use of derived attributes such as the area or volume related 
toa ship, or for more complex calculations, by the use of proce- 


dures and functions utilising iteration (FOR DO), and condi- 
tional (IF THEN) constructs. These facilities mean that 
EXPRESS is an immensely powerful modelling language which 
can be used to represent information in a form which is usable 
by various types of database. Note that EXPRESS, quite delib- 
erately, only allows for the description of the data and not how 
it might be used in a particular database. 

A more detailed schema is shown in Figure 7. Note the super 
and sub-type references in the entity definitions. 


SCHEMA ships; 


ENTITY ship 
SUPERTYPE OF (ONEOF(oil_tanker, bulk_carrier, 
passenger_ship)); 
IMO_number : STRING ; 
moulded_draught : REAL ; 
length_between_perpendiculars : REAL ; 
UNIQUE 
reference_number; 
END_ENTITY; 


ENTITY oil_tanker SUBTYPE OF (ship); 
fluid_capacity : REAL; 

WHERE 
capacity > 0; 

END_ENTITY; 


ENTITY bulk_carrier SUBTYPE OF (ship); 
bulk_capacity : REAL; 

WHERE 
bulk_capacity > 0 ; 

END_ENTITY; 


ENTITY passenger_ship SUBTYPE OF (ship); 
number_of_passengers : REAL; 
WHERE 
number_of_ passengers > 11 ; 
END_ENTITY; 


END_SCHEMA; 


Figure 7 Example EXPRESS schema 


The schema above is not complete by any means (the current 
ISO ship product model contains over 600 defined entities), but 
the complexity is already obvious, and some effort is needed 
in order for the model to be understood. 

It is for this reason that the usual method for generating 
EXPRESS models has been to use a graphical modelling 
language (EXPRESS-G) to prototype the model. Given the 
appropriate modelling tool EXPRESS-G can then be converted 
into EXPRESS, with the advantage that a diagram can depict 
information more succinctly and is easier to understand, thus 
improving model development time. EXPRESS-G is also 
included as part of the STEP standard. An example of an 
EXPRESS schema and the corresponding EXPRESS-G can be 
found in Appendix C. 

EXPRESS is both human readable and computer inter- 
pretable. STEP tools are available for checking the syntax of 
EXPRESS data models, ensuring their consistency and creating 
object oriented program class libraries. This speeds up the soft- 
ware development process for STEP based applications. 
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3.5 The current status of STEP 


In December 1994, the twelve parts of STEP that form the initial 
release, were published as International Standards. The formal 
name for the STEP standard is ISO 10303 — Product data repre- 
sentation and exchange. The parts that comprise the initial 
release are: 


@5:Part l: Overview and fundamental principles 

Se erarc Le The EXPRESS language reference manual 

© 2 Parton: Clear text encoding of the exchange 
structure 

e Part 31: Conformance testing methodology and 
framework: General concepts 

e Part 41: Fundamentals of product description 
and support 

e Part 42: Geometric and topological representation 

e Part 43: Representation structures 

e Part 44: Product structure configuration 

e Part 46: Visual presentation 

e  Part101: Draughting 

¢ Part 201: — Explicit draughting 

¢ Part 203: ~~ Configuration controlled design 


A significant amount of work is already underway to extend 
the capabilities of STEP. A further seven documents recently 
completed the first stage of approval (Committee Draft [CD] 
international ballot) and include extensions in the areas of 
materials, shape tolerance variation, conformance test require- 
ments, process structure and properties and sheet metal. Over 
twenty five Application Protocols are currently under devel- 
opment, prototype implementations are already underway and 
STEP based products are beginning to appear on the software 
market. Full details of the documents that make up the STEP 
standard are given in Appendix A 

Apart from STEP, which is developed under the aegis of the 
ISO, a number of complimentary projects which have signifi- 
cantly contributed to STEP are also underway. Many of these 
activities are ESPRIT (European Strategic Programme for 
Research and Development in Information Technology) 
projects. ESPRIT was a programme of research project founded 
in 1983 and part funded by the Commission of the European 
Communities (CEC). 


4. STEP IN THE SHIPBUILDING AND RELATED 
INDUSTRIES 


The development of the shipbuilding parts of the STEP stan- 
dard are being coordinated from within the Architecture, 
Engineering and Construction (AEC) committee — of 
TC184/SC4. Process plant, offshore, and more recently build- 
ing and construction work, also originates from this committee. 


4.1 Shipbuilding 


The American NIDDESC consortium have been involved in the 
development of the STEP standard for many years. More 
recently, they have been joined by the MARITIME project 
[Reference 10] and the ShipSTEP project [Reference 11] as well 
as representatives from the Japanese Marine Standards Asso- 
ciation (JMSA). In 1993 an Application Protocol planning 
model was agreed. (see Figure 8). This model divides the ship- 
building domain into seven distinct functional areas, allowing 
for partition into a fixed number of Application Protocols. 

The Application Protocols under development are shown 
in Table 1. LR, through the ShipSTEP project has taken a leading 
role in the early delivery of key APs. 

As can be seen, AP215 Ship Arrangements [Reference 12], 
AP217 Ship Piping [Reference 13], AP218 Ship Structures 
[Reference 14], are the next scheduled APs. The normal devel- 
opment schedule for STEP parts indicate that Committee Draft 
versions of the above Application Protocols are expected to be 
available 12 months later followed by Draft International Stan- 
dard (DIS) versions in a further 12 months. 


It is worthy of note that the commitment to STEP extends 
beyond classification societies to other key stakeholders in the 
shipbuilding community. To illustrate this point, Table 2 high- 
lights the range of companies currently contributing towards 
the shipbuilding work. Additional work, not shown in this 
Table, is also being done by the German ITiS (IT in Shipbuild- 
ing) Project, the Japanese Marine Standards Association 
(JMSA) and members of the European Marine STEP association 
(EMSA) 

Although the above projects have provided significant tech- 
nical input into STEP, they are subject to the periodic nature of 
project funding, with demands to produce deliverables and 
finish within a certain time frame. In order to provide a more 
persistent representation at ISO, the European Marine STEP 
Association (EMSA) was formed in November 1994. 

The purpose of EMSA is to promote the usage of STEP 
within the European marine industry. The founding members 
of EMSA are LR, DNV, GL, KCS, Vulkan Schiffbau, Kvaerner, 
Odense, SENER, Astilleros Espanioles, HDW, IRCN, Marintek 
and Napa Oy. The current activities within EMSA are focused 
on coordinating European STEP development and implemen- 
tation effort within the shipbuilding industry. 


4.2 Process Industries 


The process industries are currently developing two Applica- 
tion Protocols; Part 221: Functional Data and its Schematic 
Representation (i.e. P&IDs) and Part 227: Plant Spatial Config- 
uration. The delivery of these APs is the responsibility of the 
ESPRIT Processbase and US PlantSTEP projects respectively. 


Ship Product Model 
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Figure 8 Shipbuilding AP Planning Model 


Table 1 - Status of Shipbuilding Application Protocols currently under Development 


Application Scope Responsible Project Status of Committee 
Protocol Draft for Comment (First Draft) 


AP215 Expected March 1996 
AP216 Completed August 1995 
AP217 Expected October 1995 
AP218 Expected March 1996 
AP226 Expected March 1997 


NIDDESC 
ShipSTEP 
NIDDESC 
MARITIME 
ShipSTEP 


Ship Arrangements 

Ship Moulded Forms 
Ship Piping Systems 
Ship Structures 

Ship Mechanical Systems 


Table 2 - Summary of key organisations and projects 


ORGANISATION 
Classification Societies 
Shipbuilders 


MARITIME 
DNV, GL 
Bremer Vulkan Newport News, 
RDM NASSCO, 
Bath Iron Works 
Ingalls 
KCS US Navy 
(NAVSEA) 


NIDDESC ShipSTEP 


VSEL, Odense 


KCS (UK), 
NAPA, MARIN 
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The process industry work is coordinated and led by represen- 
tatives of the UK’s PISTEP project. 

LR is a member of the PISTEP project which commenced in 
1992 with the principal objective of positioning the UK’s 
process industry with respect to STEP and raising the aware- 
ness of STEP based technologies. Other member companies 
include BP, Shell, ICI, AMEC, Foster Wheeler, Nuclear Electric 
and BNPL. The deliverables of the project have included a clear 
statement of market requirements to enable system houses to 
focus developments and a methodology for the measurement 
of the benefits to be accrued from the exploitation of STEP. The 
PISTEP project currently acts as the main input into STEP for 
the UK’s process industries. 


4.3 Offshore Industries. 


Until the arrival of the CAESAR Offshore and POSC projects 
[Reference 15] outlined below, the majority of the technical 
work had been subsumed into the Process Industries group. 
However, both projects are now looking to develop product 
data models covering facilities and equipment; e.g., the 
topsides of a production platform. 

CAESAR Offshore is a joint industry project initiated to 
reduce the lifecycle cost and development time of offshore oil 
and gas production facilities. The project was originally funded 
by Aker, DNV, Kvaerner, Norsk Hydro, Saga, Statoil and the 
Research Council of Norway. The main objective of this Norwe- 
gian project is focused on developing and applying 
international industry standards for electronic exchange and 
the sharing of oiland gas facility data within a lifecycle perspec- 
tive. 
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POSC is a not-for-profit membership corporation founded 
by BP Exploration, Chevron, Elf Aquitaine, Mobil and Texaco 
in order to reduce the cost and improve the quality of using 
information technology in their upstream exploration and 
production (E&P) businesses. POSC has approximately 120 
member companies, including DNV, and has defined an open 
computing environment for technical applications. 

The synergy between the CAESAR and POSC projects has 
resulted in POSC’s E&P data model being extended to include 
facilities and equipment. This enlarged model, specifying the 
data exchange requirements will be submitted to the ISO STEP 
Offshore group. 


5. DATA EXCHANGE APPLIED TO SHIP 
CLASSIFICATION 


Given the need to electronically exchange and share data and 
given the development of STEP it is important to investigate 
how STEP can be used in Ship Classification. 

Ship classification is implemented in three stages: 


° Design approval to ensure that the design complies with 
the applicable Rules and Statutory Regulations. 


¢ Survey during construction at the shipyard and at sub- 
contractors premises to ensure that the ship is built in 
accordance with the approved plans and that the materi- 
als and workmanship are of a satisfactory standard. 


e Survey in service to ensure that the ship continues to 
comply with the Rules. 


The application of STEP based exchange is discussed further 
in Section 5.1 and Section 5.2 by comparing the traditional and 
the STEP based approach for design approval. Section 5.3 
broadens the comparisons and investigates the possibilities for 
STEP based exchange and sharing across the complete lifecycle 
of the ship. 


5.1 Traditional paper based exchange in Design Approval 


The application of Lloyd’s Register Rules to the ship structure 
involves the use of a large number of empirical Rules which 
determine the scantlings of plates and profiles. This is done by 
identifying the loads which are imposed upon the structural 
members due to the cargo, ballast and the sea, taking into 
consideration in a quasi-static manner the dynamic effects due 
to waves and ship motions. Typically these calculations are 
made using computerised application programs. 

These application programs however, operate as stand- 
alone systems, and presently do not interface with the 
shipbuilders systems or, as is often the case, with each other. 
This is a classic data exchange problem requiring external 
exchange between the shipyard and Classification Society and 
internal exchange or sharing within the classification society. 
Bespoke interfaces between some programs exist, however 
much of data exchange is paper-based using Lines Plans, Body 
Plans and Drawings. In such cases the information has to be 
re-entered into the separate applications via keyboard or digi- 
tiser. 

Examples of information flows which occur during the 
design approval process are shown in Figure 9. It should be 
noted that this is a diagrammatic summary and thus does not 
reflect some of the more detailed differences in approach that 
may be taken by different approval offices. The longitudinal 
strength approval, primary strength approval and intact and 
damage stability approval activities shown are illustrative of 
others that are not expanded in the Figure, such as tonnage 
computation, freeboard assignment and machinery systems 
approval. 

The longitudinal strength activity shows that information 
from paper sources such as the General Arrangement plan and 
Midship Section plan are required in order that the beam model 
and 2D cross-section amidships can be modelled in application 
programs. These ensure that the design can be assessed for 
compliance with the Rules for midship section inertia and 
modulus. 

The re-entry of information from drawings not only requires 
extra resource effort, but also duplication since the same 
sources are required for primary strength approval. A different 
subset of the information is re-entered to generate a finite 
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element model in order to approve the primary strength aspects 
of the midship section. Clearly this repeated re-entry of data 
for all plan approval functions is not efficient and is a major 
contribution to the lead time incurred by Ship Classification. 

This is exacerbated by the need to communicate with the 
shipbuilder and with all the different design and manufactur- 
ing systems within the shipyard. This requires information 
from all these different application programs to be packaged 
so that the shipyard knows what has or has not been approved 
and why. 


5.2 STEP Product Model Exchange 


External and internal data exchange can be greatly improved 
by using the product data model approach epitomised by STEP 
exchange. This approach and its effect on exchange activities 
is shown in Figure 10. 

The key difference between an electronic product model 
based exchange and the existing manual and paper based 
approach, is the use of a single integrated product model as the 
basis for all exchange. This ensures that all parties involved in 
any data exchange scenario have a complete and unambiguous 
statement of the information requirements. 

Figure 10 shows that the shipbuilder can populate its own 
databases, based on its Ship Product Model, from its range of 
CAD/CAE systems. This information can then be exchanged 
with the LR plan approval office in discrete units using indi- 
vidual STEP APs. Similarly the LR office can receive and 
transmit the same information using the same Application 
Protocols. Ultimately LR application programs can access the 
same set of consistent product model data from a database 
based on the LR product model. The development of an in- 
house product model and an integrated software system is of 
key importance for Ship Division [Reference 16]. 

Most of the benefits for this approach derive both from sepa- 
rating the data from the application programs and from using 
database technology. This in itself is not a new idea; what is 
new is: 


¢ The data covers the entire lifecycle of the ship, allowing 
for rationalisation of internal data management for all 
plan approval processes. 


° The definition of the data is standardised, allowing ratio- 
nalisation and predictability in external data exchange 
with organisations which conform to the standard. 


The benefits can be gauged in terms of savings for LR, the ship- 
yards and ship owners, since the plan approval fees fora typical 
ship form an inclusive part of the Classification fee charged to 
the shipbuilder. The cost can be measured in terms of the 
number of days effort required to study the information 
submitted in the forms of ship plans, re-digitise this informa- 
tion and enter it into LR’s software systems to check the 
arrangements, scantlings and design details for compliance 
with LR’s Rules, then mark up any non-compliances for the 
shipbuilder’s attention. 

The effort required for this task depends on the type of ship, 
its size and complexity. As much as 25% of the effort could be 
saved, if the design were submitted in an electronic form which 
could be readily assessed by LR’s software, without the need 
for manual intervention. This would have a significant effect, 
not only on the cost of design approval but also on the reduction 
of transcription errors and the time taken to complete this task. 
As discussed in Section 2, any reduction in the lead time for 
design is crucial to the shipbuilder if his competitiveness is to 
be maintained. 
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Figure 9b Finite Element Model 


In addition to the benefit of reduction in time produced by 
eliminating data re-entry, there is a possibility of increasing the 
scope of services LR can provide. Key technical plan approval 
staff will be available to consider other aspects of importance to 
the ship owner and builder, such as design studies. All these 
factors willlead to the improvement of safety within the industry. 


5.3 Exchange and sharing across the ship lifecycle 


The lifecycle nature of the STEP product data model has potential 
in terms of LR’s future business. Considering the whole range of 
Classification services from plan approval, construction approval 
through to in-service survey, the Classification Society’s role is 
central to the flow of information between all parties involved in 
the ship lifecycle. There is therefore the need for LR to exchange 
information with all these parties, including initial ship design 
by design consultants, shipbuilders, engine manufacturers and 
material suppliers; through to operation and maintenance involv- 
ing insurers , flag states and ship repair yards. 

As the ship ages, the information about its design and manu- 
facture and operation will accumulate. In an environment 
where companies use product models and STEP based 
exchange, this information will be gathered and accumulated 
in a consistent manner. LR will need access to virtually all of 
this lifecycle information in order to fulfil its safety and Clas- 
sification role. Both these aspects are shown in Figure 11. 

This provides an opportunity for Lloyd’s Register to offer a 
new type of service. LR will be at the centre of all the information 
exchanges and will need to retain much of that information. LR 
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Figure 9c 3D Topological Model 


is, therefore, ideally positioned to become custodian of ship 
product model data for its customers. 

LR could retain the product model information created by 
the shipyard, ship owner and other organisations and use it to 
perform its regulatory function. The other organisations would 
not have to engage in data management tasks and could 
concentrate on their own core business. Meanwhile they would 
be content in the knowledge that the product model data itself, 
is available to demonstrate compliance with Rules and Statu- 
tory Regulations, when required. This is particularly important 
since the majority of ships change owners during their lifetime, 
are re-registered in different countries, and in many cases are 
subject to hull and machinery alterations which require to be 
approved. Transfer of information from one Classification Soci- 
ety to another is an important data exchange scenario, since at 
the present time using manual paper based methods there may 
be gaps in the historical record for a ship on change of Class. 

Transfer of information for shipbuilders to ship repairers is 
also an important aspect to be considered. Shipbuilders tradi- 
tionally havea limited interest in a ship which normally expires 
with the guarantee period. Ship repairers need detailed infor- 
mation on ship structural configuration and scantlings. This is 
normally extracted from paper plans held by the owner or 
onboard ship. The electronic transfer of as-built and condition 
data to the ship repairers’ CAD systems would result in reduced 
costs and increased efficiency and reliability of repairs. 

The provision of assistance in these information services 
could be another valid activity for LR in its role as custodian 
of the product data model. 
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6. SOFTWARE IMPLEMENTATION OF 
DATA EXCHANGE 


Crucial to the ability to move to a STEP based exchange is the 
provision of translators that take data that conforms to the STEP 
standard and convert it into data for the application programs 
in LR. This requires an understanding of how best to implement 
STEP within LR. 

To do that it is important to understand that STEP defines 
the data structure, not what is done with it within a particular 
company. STEP provides the specification for the implementa- 
tion but does not specify how exactly it is implemented. Thus 
the standard specifies: 


. The format of the exchange file. 


¢ The structure and relations of the data in the exchange file 
as defined by an Application Protocol. 


e A definition of an application programmers interface for 
manipulating STEP data. 


e — Rules and tests to be applied to check if translating soft- 
ware complies with the above. 


It does not specify: 


¢ What Application Protocols should be implemented by 
LR or any company. 


¢ Whether file exchange, databases or both should be 
implemented. 


¢ — The types of database that should be used. 


¢ The computer language in which translating software 
should be written. 


This is ideal in terms of flexibility since it allows the same data 
to be consistently interpreted ina number of different scenarios. 
However, it does require that LR is able to articulate its indi- 
vidual requirements and desired software design. 

The following sub-sections discuss the options available 
and give an example of a particular implementation within LR. 


6.1 Direct Translation compared to Neutral File Transfer 


The conventional method of exchanging data between software 
applications has been by the use of direct translators between 
systems as shown in Figure 12. This involves the direct trans- 
lation from one format to another, mapping data structures and 
relationships as completely as possible between the participat- 
ing systems. This approach has no particular need for STEP 
based exchange. 

The solution normally adopted for data transfer between 
computer systems is to use converters or dedicated software 
interfaces. This involves writing software to convert data from 
the source system into a format compatible with the target 
system. If two way working is required the reverse conversion 
is also necessary. Although this approach may be considered 
adequate for a small number of systems, the cost will increase 
dramatically with the number of systems within the data 
exchange network. For example, 8 systems will require 
56 different translators and 16 systems a total of 240 conversion 
packages. 

The cost is not only in original development, but in contin- 
ued maintenance and training. If any one of the systems 
changes, and inevitably they will in order to meet changing 
requirements, then each interface will need to be re-assessed 
for suitability. Users and developers alike will need to be re- 


Lloyd's Register Technical Association 


17 


trained in order to maximise the usage of a network of systems 
that evolves with ever-increasing complexity. Currently the 
ship design & stability system NAPA (Naval Architecture Pack- 
age) has over forty separate translation options, a considerable 
drain on the development resources of the company in ques- 
tion. 

The definition of a standard intermediate neutral file, 
however, reduces the cost to 2 converters per system (to and 
from the intermediate format only). That is, for 8 participating 
systems 16 converters are required, rather than the 56 for direct 
translation. A neutral file is so called because it is non-propri- 
etary and is not dependent upon any hardware platform, or 
software technology. The typical neutral file exchange set-up 
is shown in Figure 13. 

The advantage of the neutral file method is that all applica- 
tions write to and read from a central neutral file only; thus 
only a single set of translators is required for each application, 
no matter how many other applications are present in the data 
exchange system. It therefore also follows that if one software 
manufacturer should change its file format, only the translator 
pair that reads and writes between that application and the 
neutral file needs to be updated. 

The neutral file format is one of the implementations spec- 
ified by STEP. The scenario in Figure 13 above, however, 
represents a simplistic view and is inadequate for large data 
exchange scenarios which would need to be flexible throughout 
the lifecycle of any data to be handled. 
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Typically the exchange system would be automatically 
configured by the EXPRESS schema as defined in an Applica- 
tion Protocol. In a more general application, however, the 
system could be configured using any product model defined 
in EXPRESS. This is represented schematically in Figure 14. 

The EXPRESS schema is read into the system and a data 
dictionary created. Typically the data dictionary stores lists of 
entities, attributes and their relationships. A Database schema 
is then created from the Data Dictionary. This is the empty 
database structure and has the necessary constraints and rela- 
tionships for data that is to conform to the schema. 

The empty database schema can be instantiated by loading 
it with data. The STEP Part 21 exchange file [Reference 17] is 
read and checked for integrity against the dictionary defini- 
tions and against the file exchange syntax. A database instance 
is created which becomes a storage device for the applications. 
Many database instances can be created; one each for different 
projects. The initial creation of a project database instance 
should also be possible via any one of the applications. In the 
same way the application data can be exported to a Part 21 
exchange file from the database by way of an unload routine. 
An example of a STEP exchange file is given in Appendix D. 

A processor provides a mechanism, via the SDAI (Standard 
Data Access Interface) [Reference. 18] for files to be created for 
each application. Alternatively, in the longer term, the proces- 
sor can be embedded in the applications which can then access 
the database directly via the SDAI, providing the possibility of 
not only data exchange but also data sharing. 
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6.2 Lloyd’s Register STEP Neutral File Transfer 


An example of an implementation of this technology within 
Lloyd's Register is provided by the ShipSTEP project software 
pilot. 


6.2.1 Exchange Scenario 


The main industrial areas that are supported by the ShipSTEP 
project software pilot are the exchange of hull moulded form 
information: 


¢ between Shipbuilder and Model Test Basin for hull opti- 
misation for resistance and propulsion during the design 
phase; 


¢ between Shipbuilder and Classification society for 
approval of the stability and the hydrostatics. 


e between hull form development and hull structural 
design applications in the ship design office. 


The part of STEP being used is the Application Protocol for 
Ship Moulded Forms, AP216. The scope of this AP can be broadly 
described as ship geometric representation and ship hydrostat- 
ics. The geometric representation will commonly be that of the 
hull, though AP216 supports the exchange of the geometric 
representation of any part of the ship such as bulkheads or 
compartment boundaries. For the sake of brevity it can be said 
that AP216 supports the exchange of ship related geometry. 


Within the ShipSTEP project the two shipbuilders involved 
are Odense Steel Shipyard (OSS) and Vickers Shipbuilding and 
Engineering Ltd (VSEL). They are providing the real world data 
used in testing the translators. This will be hull definition infor- 
mation for an Oil Tanker, a Container Ship, a Submarine and a 
Helicopter Carrier, (Landing Platform Helicopter — LPH). 

The main industrial need for exchange is from the ship- 
builder to both the model test basin and to LR. In this case, the 
sending systems are two of the most widely used CAD pack- 
ages within the shipbuilding design industry, KCS Initial 
Design and NAPA. The receiving systems are MARIN’s own 
in-house package, Geometric Modelling System and LR’s 
SEASAFE respectively. 

In the case of hull fairing, data exchange may also be 
required in the reverse direction so that MARIN can commu- 
nicate the refined form to the Shipyard. Thus translators are 
being written from GMS to KCS Initial Design and NAPA via 
AP216. Translators from SEASAFE to the shipyard systems via 
AP216 are being written as well. All these exchanges and the 
related systems are shown in Figure 15. 

Since the scope of AP216 includes ship geometry and 
geometric representation it is important that the standard 
supports the different types of geometric representation 
commonly in use in CAD/CAM systems throughout the 
shipping industry. Currently there are three type of ship geom- 
etry permissible with AP216: 


¢ Offset points — A Table of points that lie on the surface of 
the hull or internal ship structure that provide the outline 
for the shape. These type of representations are generally 
found on smaller and older CAD/CAM systems. 


¢ 3D curve geometry — A set of 3D curves that lie on the 
surface, the hull or internal ship structure that provide a 
wireframe outline for shape. These types of representa- 
tions are common in hull design, fairing, stability and 
analysis systems, including LR’s own SEASAFE. 


¢ 3Dsurface geometry -—A set of adjoining patches that have 
a full mathematical surface description that together 
describe the ship shape. These are common in detailed 
design and manufacturing systems and are usually to be 
found within shipyards. 


An example of the type of surface geometry that is exchanged 
is shown in Figure 16. it should be noted that although this only 
depicts the bow, it is envisaged that the whole ship hull geom- 
etry will be exchanged within the ShipSTEP pilot. 


6.2.2 Software Architecture 


The LR processor translates the SEASAFE hull form represen- 
tations and hydrostatics data into the neutral description of 
AP216. The high level design is shown in Figure 17. It is impor- 
tant to emphasise that in terms of what the end-user sees, the 
difference in SEASAFE system operation is minimal. The 
output or input file may be viewed if so desired, but key to the 
success of the translation is that the end-user process is seam- 
less. 


Note also that: 


¢ the different shading denotes which software is written 
and which software is provided by a STEP translator 
toolkit; 


. the toolkit also used a notation called EXPRESS-M [Refer- 
ence 19] to formally define how the SEASAFE data is 
related to the AP216 data. 


Examining each of the processor’s modules in detail, it can be 
seen that: 


¢ the processor uses the proprietary export file provided by 
SEASAFE as the source of its data instead of accessing the 
internal SEASAFE database; 


— 


Figure 16 Example of surface geometry that can be exchanged using AP216 
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Figure 17 Configuration of LR ShipSTEP software pilot implementation 


. the source data from the SEASAFFE file has been re-defined 
in EXPRESS; 


¢ the EXPRESS description of the SEASAFE file is compiled 
by the toolkit to produce a database; 


° software has been written to load the database with the 
actual data from the SEASAFE file; 


¢ a formal description of how to map from the SEASAFE 
schema to the STEP AP216 schema has been written in 
the EXPRESS-M mapping language; 


e the EXPRESS-M mapping has been compiled by the 
toolkit to produce ‘C’ code to translate the SEASAFE 
database to an AP216 database; 


* —anexport function of the toolkit automatically produces 
the STEP physical file for SEASAFE based on the 
EXPRESS definition, in this case AP216. 


This only shows the export of a STEP file from SEASAFE. The 
import translation is done in a similar fashion. Translation for 
other software applications used by LR can be written ina simi- 
lar way. It is necessary to consider the Ship Classification 
process as a whole to understand the role of the data and the 
functions to be supported in order to maximise the benefits that 
can be obtained from electronic data exchange. This is 
discussed in the next Section. 
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6.2.3 Expansion to Ship Product Model Based Approach 


The implementation in the ShipSTEP pilot only includes AP216 
exchange. The next stage will be to implement AP215, Ship 
Arrangements and AP218, Ship Structures data (see Section 4.1) 
alongside AP216. This will facilitate STEP exchange for ship 
strength and stability approval and greatly hasten the product 
data model approach for Ship Classification data exchange 
described in Section 5. This important area is being addressed 
by the proposed SEASPRITE project [Reference 20]. 


7. FUTURE TECHNICAL CHALLENGES 


The STEP standard is being developed in many different indus- 
trial sectors. A growing number of companies are committing 
major resources to the delivery of this de jure standard for prod- 
uct data representation and exchange. However, a number of 
significant technical challenges remain. 


7.1 Need for Industrial Testing 


De facto standards are often more useful than de jure standards 
since the former are more widely used. The corollary is clear. 
No matter how technically competent the STEP standard may 
be, STEP will only bea success when it is widely used and found 
to provide significant business benefits. Many parts of the STEP 
standard have taken time to be developed and then published. 
The achievements of the standard will be measured by its abil- 
ity to solve business problems and for the lessons learnt from 
real industrial implementations to be incorporated back into 
the standard. 

This process of development and validation is now under- 
way and numerous implementation projects in the UK, 
Germany, Italy, France, USA and Japan are in progress or 
completed. These areas have concentrated on mechanical piece 
parts design and drawing exchanges for the aircraft industry 
and nearly all aspects of the automotive industry. It is now time 
for the shipbuilding industry to implement and test its own 
Application Protocols and learn the lessons from the experi- 
ence. 


7.2 Differences between naval and commercial practices 


The differences in naming conventions and coordinate system 
conventions used for naval and commercial ships needs to be 
resolved. Traditional practices used in the older shipbuilding 
nations have to be reconciled with those used in the newer ship- 
building nations. This is imperative, as then the standard can 
be widely and internationally accepted 
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7.3 Single Versus Multiple Application Protocols 


One of the major technical challenges currently facing STEP is 
the divergent methodologies which different industrial groups 
have adopted in the development of Application Protocols. The 
automotive industry has chosen to implement a single AP to 
meets its need for data exchange. This AP hasa very wide scope 
which includes sheet metal parts, mechanical systems, piping 
and electrical systems and furnishings. Not surprisingly the 
product data model is very large and complex. In comparison, 
the shipbuilding community have divided their domain into a 
number of functional areas. These areas are defined by a 
number of APs with overlapping data sets. This approach has 
been adopted by many other industrial groups. It remains to 
be seen whether it is possible to successfully implementa single 
large Application Protocol. 


7.4 Application Protocol Interoperability 


The shipping community has defined a series of Application 
Protocols. It is clear that many companies will need to imple- 
ment more than one AP. This situation is made more complex 
by the fact that the APs are not mutually exclusive; i.e. there 
are data items common to more than one AP (e.g., Length 
Between Perpendiculars). This situation has arisen from divid- 
ing the Ship Product Model into separate functional areas. 

How the APs work together and interoperate is key to the 
success of the Application Protocols. Specifically, the correct 
inter-working of Ship Arrangements (Part 215), Ship Moulded 
Forms (Part 216), and Ship Structures (Part 218) is viewed as 
critical in deriving benefit from the standard. The shipbuilding 
community, however, is not alone in addressing this issue. The 
problem of AP interoperability remains a major technical chal- 
lenge facing the ISO STEP committees. 


8. BENEFITS TO LR AND THE SHIPBUILDING 
INDUSTRY 


8.1 Tangible Benefits 


The most obvious and tangible benefits of adopting the STEP 
standard for data exchange, instead of using traditional paper 
based exchange, is the improvement in commercial processes. 
These benefits include: 


¢ Reduction in transaction cycle time — that is, it is far quicker 
to communicate via STEP than by traditional paper, espe- 
cially for trading partners who are large distances apart. 
In the case of Lloyd’s Register, informal estimates indicate 
a time saving of approximately 25% can be made by 
avoiding the need to capture data from plans for hull 
strength and stability approval. 


¢ Improved accuracy through eradication of rekeying — If the 
transaction is received and processed electronically then 
fewer errors should occur. 


¢ — Lower cost per business transaction — The cost of creating, 
handling and processing documents can be reduced 
substantially by STEP once the initial development costs 
have been paid off. 


¢ Better handling of legacy data—Solutions for handling legacy 
data and archiving are most easily realised by taking 
advantage of STEP modelling and translating techniques. 


8.2 Indirect Benefits 


In addition to the obvious benefits there are more indirect and 
intangible ones. These include: 


° Exploitation of new business opportunities and markets 
within ship Classification by offering a predictable inter- 
face and faster turnaround for Classification services . 


¢ Improved efficiency of business transactions due to a 
reduced need to re-create data already defined by the ship 
designer 


¢ Closer working relationships between Shipbuilder, Ship 
owner, Classification Society and industry consultants by 
sharing technical data earlier and more easily. That is, 
increased trust and hence earlier joint consideration of 
opportunities and problems. The establishment of virtual 
enterprises by linking business partners in shipbuilding 
electronically will be investigated in the MARVELLOUS 
project [Reference 21]. 


¢ — Re-use of data defined in the design phase of the ship for 
support throughout its operational life saving both time 
and resources. A typical example of this is the data used 
in hull and machinery condition monitoring systems 


There is another level of benefit which may be considered 
obscure but is nonetheless relevant. A significant benefit to be 
gained from STEP is less office space needed due to the reduc- 
tion of paper storage. This may seem negligible, however, for 
example the storage space currently required for data associ- 
ated with offshore production platforms is significant. This 
data could be stored electronically and made available via 
STEP. This would save considerable space and cost. To place 
this benefit in context, prior to the introduction of EDI, Marks 
and Spencer’s estimated that they were using 19 miles of paper 
per week [Reference 22]. Reduction in paper storage and usage 
can thus become a major business driver towards the use of 
EDI in general and STEP in particular. 
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9. CONCLUSIONS 


Lloyd’s Register has always needed to communicate with a 
diverse group of shipping industry organisations. However, 
the intensifying competition within shipbuilding industry 
means that LR has a fundamental requirement to manage and 
exchange data electronically. Ideally such electronic data 
exchange needs to be lifecycle based if LR is to maximise the 
benefits and business advantage. 

Industry generally has recognised the need for a standard 
data form by which electronic information can be made 
compatible with the application programs used by the various 
organisations. The International Standard, ISO 10303, infor- 
mally known as STEP, was developed with the intent of 
supporting re-usable lifecycle data and facilitating electronic 
data exchange. For these reasons LR has helped develop a 
complete set of shipbuilding STEP Application Protocols, with 
most of its work centred on Ship Arrangements, Ship Moulded 
Forms, Ship Piping, Ship Structures and Ship Mechanical 
Systems. 

LR is now piloting hull moulded form STEP data exchange 
between itself and shipyards for moulded geometry and hydro- 
statics approval. Moreover, LR is defining the Ship Product 
model from a Classification viewpoint, using EXPRESS as the 
information modelling language, to support its ShipRight soft- 
ware applications. As this work is being undertaken 
concurrently with the development of the ISO standard, LR is 
in a good position to import and export of data from ship- 
builders CADCAM systems. 

The overall consequences for Ship Classification are that 
communication between the different organisations involved 
in plan approval will be more consistent and less repetitive. 
This will be because the data transfer will be based on the 
complete ship product and not on the different paper based 
exchanges that sometimes even duplicate information that LR 
has already received. Also, due to LR’s central role within the 
Shipping industry the whole rationalisation of the exchange of 
information within the shipping industry could lead to a new 
position for LR as custodian of the central ship product data 
model. 

But STEP is only a technology. It enables existing strategies 
for developing this competitive advantage. It is not a substitute 
for sucha strategy. It will not solve all of LR’s data management 
problems but provide a framework on which an information 
systems strategy can be built. 
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APPENDIX A: 
SUMMARY OF STEP PARTS 


Table A1 - Summary of STEP Parts 

Part No. _ Title Status 

100 Overview and Fundamental Principles Draft International Standard 
Description Methods 

EXPRESS Language Reference Manual International Standard 

12 EXPRESS-! Language Committee Draft 

13 STEP Development Methodology Under Development 
Implementation Methods 

21 Physical File Exchange Structure International Standard 

22 Standard Data Access Interface (SDAI) Committee Draft 

23 C++ Language Binding to the SDAI Committee Draft 

24 C Language Binding to the SDAI Committee Draft 

25 Fortran Binding to the SDAI Committee Draft 
Conformance Testing Methodology 

3 Testing Concepts International Standard 

2 Requirements on Testing Labs and Clierits Draft International Standard 
33 Structure and Use of Abstract Test Suites Committee Draft 

34 Abstract Test Methods to Support Part 21 Committee Draft for Comment 
35 Abstract Test Methods to Support SDAI Under Development 
Integrated Generic Resources 

4 Fundamentals of Product Description International Standard 

42 Geometric and Topological Representation International Standard 

43 Representation Structures International Standard 

44 Product Structure Configuration International Standard 

45 Materials Committee Draft 

46 Visual Presentation Draft International Standard 


a 
oaks 


Lee) 


47 Shape Tolerances Committee Draft 
Form Features Cancelled 
49 Process Structure and Properties Committee Draft 


Integrated Application Resources 

101 Draughting Resources International Standard 

102 Ship Structures Cancelled 

103 E/E Connectivity Under Development 

104 Finite Element Analysis Committee Draft 

105 Kinematics Draft International Standard 
106 Building Construction Core Model Under Development 
Application Protocols 

201 Explicit Draughting International Standard 

202 Associative Draughting Committee Draft 

203 Configuration Controlled Design International Standard 

204 Mechanical Design using BRep Committee Draft 

205 Mechanical Design using Surface Rep. Committee Draft 

206 Mechanical Design using Wireframe Rep. Cancelled 

207 Sheet Metal Die Planning & Design Draft International Standard 
208 Life Cycle Change Process Committee Draft for Comment 
209 Composite Structures Committee Draft for Comment 
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Table A1 - Summary of STEP Parts - continued 


Part No. — Title 


Status 


210 PCA: Design & Manufacture 


Committee Draft 


212 Electrotechnical Plants 


211 Electronics Test, Diagnostics, & Remanufacturing 


Committee Draft for Comment 


Committee Draft for Comment 


213 NC Process Plans 


214 Core Data for Automotive Design Processes 


Committee Draft 
Committee Draft for Comment 


using Form Features 


Ship Arrangements Working Draft 
216 Ship Moulded Forms Committee Draft for Comment 
217 Ship Piping Systems Working Draft 
218 Ship Structures Working Draft 
219 Inspection Process Plans Cancelled 
220 PCA: Manufacturing Planning Committee Draft for Comment 
221 Process Plant Functional Data & Schematic Representation Committee Draft for Comment 
222 Exchange of Product Definition Data from Design Under Development 

Engineering. to Mfg. Engineering for Composite Structures 

223 Design & Manufacturing Information for Cast Parts Committee Draft for Comment 
224 Mechanical Products Definition for Process Planning Committee Draft for Comment 


225 Structural Building Elements using Explicit Shape Representation 


Committee Draft for Comment 


226 Ship Mechanical Systems 


Working Draft 


een Plant Spatial Configuration 


Committee Draft for Comment 


228 Building Services HVAC 


Under Development 


230 Building Structural Frame: Steelwork 


Under Development 


Abstract Test Suites 


301-330 Abstract Test Suites relating to APs 201 — 230 


All Under Development 


Application Interpreted Constructs 


501 Edge-based Wireframe Under Development 
502 Shell-based Wireframe Under Development 
503 Geometrically Bounded 2D Wireframe Under Development 


504 Draughting Annotation 


Under Development 


505 Drawing Structure 


Under Development 


506 Draughting Elements Under Development 
507 Geometrically Bounded Surface Under Development 
508 Non-manifold Surface Under Development 


509 Manifold surface 


510 Geometrically Bounded Wireframe 


O11 Topologically Bounded Wireframe 


Under Development 
Under Development 
Under Development 


512 Faceted BRep 
Elementary BRep 


514 Advanced BRep 


Under Development 
Under Development 
Under Development 


Mechanical Design Context 


515 Constructive Solid Geometry 
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517 Mechanical Design Geometry Presentation 


518 Mechanical Design Shaded Presentation 
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Under Development 
Under Development 
Under Development 
Under Development 
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APPENDIX C: 
EXAMPLE INFORMATION MODEL SEGMENT 
(EXPRESS-G) 


IMO_number INTEGER 
current_name STRING 
ship 
build_date STRING 
s 3 
spaces S[1:?] Se STRING 
(INV)division 
number_identifier INTEGER 
— frame_aft INTEGER 
frame_forward INTEGER 
internal_structure S[1:?] 
bounding_ structure S[1:?] 
number_identifier 
= INTEGER 
structure 
stiffeners stiffeners 
plates S[1:?] 
line_of_attachment L[2:?] 
vector 
plate poly_plate 
points L[1:?] 
cut_outs S[1:?] yx 
line_of_attachment L[2:?] point_3D z 
vector 
face_plate 


SCHEMA HCM_ partial; 


ENTITY face_plate SUBTYPE OF (plate); 
line_of_attachment : LIST [2:?] OF point_3D; 
vector : point_3D; 

END_ENTITY; 


ENTITY plate SUPERTYPE OF (face_plate ANDOR poly_plate); 


END_ENTITY; 


ENTITY point_3D; 
x: REAL; 
y : REAL; 
z: REAL; 
END_ENTITY; 


ENTITY poly_plate SUBTYPE OF (plate); 

points : LIST [1:?] OF point_3D; 

cut_outs : OPTIONAL SET [1:?] OF point_3D; 
END_ENTITY; 


ENTITY ship; 
IMO_ number : INTEGER; 
current_name : STRING; 
build_date : STRING; 
owner : STRING; 


spaces : SET [1:?] OF space; 
END_ENTITY; 


ENTITY space; 
bounding structure : SET [1:?] OF structure; 


internal_structure : OPTIONAL SET [1:?] OF structure; 


number_identifier : INTEGER; 

frame_aft : INTEGER; 

frame_forward : INTEGER; 

INVERSE 

division : ship FOR spaces; 
END_ENTITY; 
ENTITY stiffeners; 

vector : point_3D; 

line_of_attachment : LIST [2:?] OF point_3D; 
END _ENTITY; 


ENTITY structure; 
number_identifier : INTEGER; 
plates : OPTIONAL SET [1:?] OF plate; 
stiffeners : OPTIONAL SET [1:?] OF stiffeners; 
END_ENTITY; 


END_SCHEMA; 
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APPENDIX D: 
EXAMPLE DATA EXCHANGE FILE 


ISO-10303-21; 
Yc amt Dati lea hs acti | 
HEADER; 
FILE_DESCRIPTION ( (‘EXAMPLE SHIP STRUCTURE’, 

‘This is an example Part 21 STEP exchange file’), 
AME 


ENDSEC; 


Daa eke ada ai ili scsi dda f 


DATA; 


#1=ship(1234567,Golden Wand’ ,’23-10-93’,Floyd Holdings’, 
(#100,#101,#102)); 


/* space */ 
#100=space((#200, #201, #202), ($), 1, 10, 20) ; 
#101=space((#203, #204, #205), ($), 2, 20, 30) ; 
#102=space((#206, #207, #208), ($), 3, 30, 40) ; 


/* structure */ 
#200=structure(51, (#300, #303, #302), (#401)) ; 
#201=structure(52, (#300, #303), (#402)) ; 
#202=structure(53, ($), (#403)) ; 
#203=structure(54, (#300, #302), (#404)) ; 
#204=structure(55, (#302), (#401) ; 
#205=structure(56, ($), (#402)) ; 
#206=structure(57, (#302), (#403)) ; 
#207=structure(58, (#300, #302), (#404)) ; 
#208=structure(59, (#303, #302), (#401)) ; 


/* plates */ 
#301=poly_plate((#501, #502, #503), (#504, #505)) ; 
#302=poly_plate((#506, #507), (#508, #509)) ; 
#303=face_plate((#510, #501), #505) ; 
#304=face_plate((#501,#503), #505) ; 


/* stiffener */ 
#401=stiffener(#501, (#503, #504)) ; 
#402=stiffener(#503, (#501, #502)) ; 
#403=stiffener(#506, (#502, #503)) ; 
#404=stiffener(#510, (#503, #504)) ; 


/* point_3D */ 
#501=point_3D(23, 56, 74) ; 
#502=point_3D(65, 76, 23) ; 
#503=point_3D(10, 63, 45) ; 
#504=point_3D(124, 56, 84) ; 
#505=point_3D(213, 56, 719) ; 
#506=point_3D(23, 516, 614) ; 
#507=point_3D(61, 56, 45) ; 
#508=point_3D(97, 526, 30) ; 
#509=point_3D(29, 226, 45); 
#510=point_3D(633, 53, 153) ; 


ENDSEC ; 
END-ISO-10303-21; 
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Discussion on the Paper 


SHIP PRODUCT DATA EXCHANGE FOR CLASSIFICATION 
USING THE ISO STEP STANDARD 


by 


R. Howard, J. Kendall and B. King 


DISCUSSION 
From: Mr. ].]. Goodwin 


| would like to congratulate the Authors on a very 
informative LRTA Paper on a subject with which I am 
closely associated. | hope that it provides all technical staff 
with an overview of the subject of data exchange using 
STEP, since prior to the publication of the LRTA Paper there 
have been only a few specialist staff in Marine Division 
involved, and we have not been very good at effectively 
communicating information about STEP technology. I hope 
the LRTA Paper helps to redress this situation. 


My personal opinion is that the STEP methodology, in 
particular the EXPRESS information modelling language, is 
very sound but the main obstacle to implementing data 
exchange using STEP with shipbuilders and shipowners is 
the lack of a stable common ship product model. Much 
work remains to be done in this area and I hope that LR will 
in the future be able to take the leading role in establishing 
this standard. 


I have two questions which | would like to ask; the first is 
why is it that the automobile and process plant industries in 
particular appear to be progressing at a much faster rate 
than the shipbuilding industry in the development of a 
STEP product model which satisfies their business needs for 
data exchange? For my second question I would like to ask 
if the Authors are aware of any recent increase in interest by 
shipbuilders in the Far East on this subject? 


To: Mr. J.J. Goodwin 


The perception that the automobile and process plant 
industries appear to be making progress faster than the 
shipbuilding industry may be attributed to a number of 
reasons. 


The development of Application Protocols (AP) within the 
shipbuilding arena has had a long gestation period. Until 
1993 the main representatives at ISO had been the American 
NIDDESC (Navy Industry Digital Data Exchange Standards 
Committee) consortium. After that date strong European 
representation was made through the ESPRIT MARITIME 
(Modelling and Reuse of Information over Time) project 
and the Ship STEP project, the latter being led by Lloyd’s 
Register. From a standards viewpoint, progress towards an 
internationally agreed standard is seldom achieved until a 
critical mass of interested parties come together with the 
shared aim of delivering a standard which supports their 
particular business requirements. Since 1993, a quorum has 
been achieved and maintained at ISO level. The progress 
and maturity of the shipbuilding Application Protocols 
reflects this situation. 


Figure 8 of the LRTA Paper illustrates that the shipbuilding 
area has been divided into a number of discrete and related 


areas, for example ship mechanical systems, ship structures 
etc. These areas were prioritised and the relevant committee 
decided that the Application Protocols developed first 
should include ship moulded forms, ship arrangements and 
ship structures. That is, the initial priority of the 
shipbuilding group was focused towards three Application 
Protocols. In comparison, the automotive group within ISO 
have focused their efforts towards a single Application 
Protocol (AP 214) entitled Core Data for Automotive Design 
Processes. The work of the automotive group have been 
directed at this one Application Protocol. 


Furthermore, the different rates of progress between 
different groups can be attributed to the intrinsic differences 
between industrial sectors. The principal interest of, for 
example, the automotive group is the design and build 
stages of the car. In contrast, the shipbuilding and process 
plant groups have an interest that extends throughout the 
life cycle of the asset, i.e. including the operation, 
maintenance and decommission life cycle stages. The scope 
and complexity of the problem is thus proportionally larger 
for the shipbuilding group. 


As a final and perhaps most important point, a 
characteristic of both the automotive and process plant 
groups is that the technical developments at ISO level are 
proactively supported and driven by senior executives 
within their industries. The ProSTEP Association and the 
PIEBASE group respectively have encouraged chief 
executive officers and senior business executives to sign up 
to memoranda of understanding and co-operation 
(MOUAC) that explicitly state the wish of their companies 
to exchange technical data electronically in a STEP 
compliant format. The process industries have gone even 
further in that the availability of design information in a 
STEP compliant format has formed part of the requirements 
for the design competitions and invitation to tender for the 
BP-ETAP and Shell-Shearwater projects. This business 
driven approach towards the technical development of 
Application Protocols has reduced the time taken for the 
industrial take-up and exploitation of the STEP standard. 


To address your second question, Japan has been a regular 
attendee at STEP meetings for many years under the banner 
of the Japan Marine Standards Association. Companies 
which have been represented include: Hitachi Zosen 
Corporation, Ishikawajima Harima Heavy Industries, 
Kawasaki Heavy Industries, Mitsubishi Heavy Industries 
Ltd., Mitsui Engineering and Shipbuilding Co. Ltd., NKK 
Corporation and Sumitomo Heavy Industries. 


These same companies are also represented in the J-CALS 
consortium which has a number of projects in several 
industrial areas implementing STEP and related 
technologies. Although CALS (Continuous Acquisition and 
Life cycle Support) is usually associated with military 
applications, the Japanese have redefined the term to mean 
‘Commerce at Light Speed’. This reflects the application 
areas for implementation. In one such area (Ship-CALS) 


they are writing STEP translators to support shipbuilding 
applications. Indeed when a Japanese supplier of engines 
recently gained an order to supply a considerable number 
to a European shipyard, they offered to supply all product 
data in STEP format. 


Korea has not been so active, but there has been attendance 
at STEP meetings by Daewoo Heavy Industries, Korea 
Advanced Institute of Science and Technology (KAIST), 
KIMM Korea Institute of Ships and Ocean Engineering 
(KRISO). Attendance by Korea does now appear to be 
regular and they have registered experts for AP 217 (Ship 
Piping), AP 218 (Ship Structures) and AP 226 (Ship 
Mechanical Systems). They also have plans for 
implementation of the shipbuilding APs in a government 
funded project. 


From: Mr. T. J. Turner 


First | would like to congratulate the Authors for an 
excellent presentation setting out how STEP relates to LR’s 
core business activities and for helping to raise the visibility 
of STEP within LR generally. 


STEP and other Standards Activities 

To help set the STEP standard activities into the wider 
context, could the Authors describe the relationship 
between STEP and other standards activities, (notably 
CALS [Computer Aided Logistic Support], SGML [Standard 
Generalised Markup Language] and HTML [Hyper Text 
Markup Language])? 


New Services and Uses for STEP models 

In terms of (a) new services and (b) uses of STEP models 
and data, | have a number of observations and associated 
questions: 


(a) New Services: 

¢ Reference was made to a possible new service involving 
LR becoming the custodians of client product model data. 
Apart from the issues relating to the Data Protection Act 
etc., | would be interested to know to what extent LR 
would be expected to check the conformance of such data 
against specific data models. 


¢ Ina similar vein, would it also be a fair comment to say 
that, when STEP technology becomes more widely used, 
conformance testing for software systems which state 
compliance with STEP APs is another possible new 
service which LR could become involved in? 


¢ Once client data is available in STEP format, then many 
other assessment services! (for example finite element 
analysis) could also be carried out based upon the same 
information. Are there any research activities or plans 
being prepared to ensure such benefits occur? 


(b) Uses: 

¢ Would it not be useful and pertinent for such data to also 
be accessible on board ship, for possible use when enter- 
ing foreign waters or emergency repair facilities etc., 
(perhaps even integrated with a ship’s black box)? 


* Having participated in a project” to integrate ship-board 
systems such as loading, voyage and maintenance plan- 
ners (amongst others), it would also seem to me that much 
of this data would be useful from the point of view of 
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such ship-board systems. For example, data on hydro- 
statics and tank coatings might be used by a loading 
system when producing a load plan, for a particular set 
of cargoes, whilst structural, mechanical and propulsion 
information would be useful for systems helping to plan 
routine and emergency maintenance. Hydrostatic and 
load condition information would be useful for systems 
planning voyage routes (especially through seasonal 
zones). What are the Authors’ opinions of this and what 
sort of research is LR doing (or planning) in this field to 
keep ahead of the competition? 


e With the recent shift of emphasis of classification/ 
approval towards the use of safety cases, | would imagine 
that a STEP product model would be a good basis from 
which to develop such cases and perhaps this is an area 
for further work. 


Observation No. 1 

On page 21 of the LRTA Paper, the problem of inter- 
operability between APs was raised, i.e. that some data 
items are common to more than one AP. One observation 
here is that the definition of the ‘shared’ data items may not 
be identical if they are defined within different APs. 


Similar issues are being addressed within the KACTUS* 
project which aims at the development and reuse of 
common data models? for different applications. This has 
required the development of tools and methods to address 
issues such as library development and use, model 
mappings, and for unification of similar elements of 
different models etc. 


Observation No. 2 

Currently, as part of the KACTUS project, we are using 
STEP AP 218 (Ship Structures) in the design of a system to 
transfer preliminary designs (of the mid-ship section 
longitudinal elements) from Fincantieri to Croydon for 
semi-automatic assessment and the return of any required 
markups. During the talk, reference was made to the fact 
that the MARITIME Project (responsible for AP 218) had 
already come to an end. However, since the AP was due for 
completion in March, 1996, I expect that this deadline shall 
not be met. Is there a plan for someone to continue this 
work through to completion, perhaps within EMSA? 


Observation No. 3 

In summary, the LRTA Paper has hopefully raised the 
awareness of the possible uses of STEP within LR generally 
and I am sure that there are a large number of departments 
which might be interested in the development of this 
technology. However, to help co-ordinate such work and 
interest within LR it would be useful for the current plans 
for STEP research and development to be disseminated. 


To: Mr T. ]. Turner 


STEP and other Standards Activities 

STEP defines a specification for the exchange of product 
model data. CALS (now renamed Continuous Acquisition 
and Life cycle Support) is the concept of making data from 
the early stages of a product's life cycle available to support 
downstream activities (for example the remanufacturing of 
spare parts). It was borne from the military area and most 
implementation effort has also been applied there. CALS 
relies on several technologies and standards to realise its 
concept. STEP is but one of these. 


+ 


SGML, the standard for the representation of documents is 
also one of the standards being applied in CALS. SGML 
(ISO 8879: 1986) is an International Standard which specifies 
a language for the representation of documents. SGML can 
be used for the representation of a wide spectrum of 
documents: from single medium conventional documents to 
multi-media database publishing. SGML is derived from 
the Generalised Markup Languages of the 1970's. In 1985 
the Draft International Standard was produced by ISO/IEC 
ITC1/SCI8/WG8 and adopted by the Office of Official 
Publications of the European Community. The final 
International Standard was then published in 1986. This 
was taken up by CALS in 1987 resulting in the publication 
of a military standard (MIL-M-28001) in February, 1988. 
SGML operates by inserting ‘mark-up’ instructions into 
electronic documents. These instructions can be processed 
by software to produce the necessary effects in the final 
printed document. Such effects include formatting such as 
emphasised typeface, or page and chapter structuring. 


STEP will provide the definition for the exchange of 
technical data, the supporting documentation will be 
exchanged/stored using SGML. There is now considerable 
effort underway to ensure that STEP and SGML are 
compatible and can work together. 


HTML is maintained and managed by the Word Wide Web 
Consortium consisting of IBM, Microsoft, Netscape 
Communications Corporation, Novell, SoftQuad, Spyglass, 
and Sun Microsystems. It is a different sort of standard in 
that it was not explicitly designed for the exchange and 
storage of information but as a presentation and hyper- 
linking mechanism. It was developed in conjunction with 
the Hyper Text Transfer Protocol (http) specifically for use 
on the World Wide Web (www). 


HTML’s hyper-linking capabilities however are now being 
used in conjunction with other information representation 
standards to allow the easy access of data. Hyper-links 
permit the user to jump between documents by simply 
clicking the mouse on ‘hot-spots’ (when the documents are 
situated on different sites this is known in some circles as 
‘surfing the web’). Assuming that the software on the 
computer knows how to handle the document being 
referenced, (it may be another HTML file or a Word 
document, a STEP file or even a program) links to all the 
data associated with a product can be assembled on one 
page for easy retrieval and transfer by all parties who need 
to access it. This web technology is now in the ascendancy 
and may even exceed the media hype. Many applications 
will make use of it, with the consequence that there will be 
much freer access to distributed data which must be in a 
format which applications can handle. What better than a 
standardised format for the exchange of product model data! 


New Services 

As explained in the LRTA Paper, STEP separates the data 
from the definition of the data which is contained in a 
product model. This means that when data is exchanged 
both parties must have the same version of the product 
model in order to be able to correctly interpret it to get 
meaningful information. This is why it is crucial to 
standardise these product models in Application Protocols. 
If for some reason the source and target applications have 
not been working from the same model the translation will 
fail. Corrective action will then have to be taken with the 
originating software vendor to ensure that the correct 
product model is used. 
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It is hoped that many of the problems which result in non 
conformant files would be corrected before such a scenario 
occurs. This can be done in two stages: 


(i) Conformance testing 

An Application Protocol specifies a series of ‘confor- 
mance classes’ which define the information which must 
be contained in an STEP file for the exchange of informa- 
tion. These conformance classes may be based on usage 
scenarios or business cases. For example there may be a 
conformance class in AP 218 to specify the exchange of 
information in order that a classification society can 
perform hull cross section approval. This will be different 
from the information requirements for exchange of infor- 
mation between a_ design consultant and_ the 
manufacturing shipyard. 


These conformance classes are checked by testing against 
a set of ‘test suites’. These specify exactly the information 
which STEP translators must be able to import and export 
in order to conform to the AP. For any one translator there 
is only one set of tests to be performed per AP. 
(ii) Interoperability testing 
In order that successful data exchange takes place, it is 
not sufficient for the sending system to output a STEP 
conformant file and the receiving system to be able to 
import a STEP conformant file. The Authors’ experiences 
in Ship STEP and previous projects show that, because 
software applications handle data differently each one 
may interpret the meaning of the data slightly differently. 
An example of this is geometrical tolerance; the smallest 
distance at which an application recognises two points as 
being coincident. Where this tolerance varies this can lead 
to small gaps between geometrical entities. In ship data 
exchange, this may manifest itself by the plates on the 
hull appearing to be separated by a very small space. In 
order to make the exchange watertight there needs to be 
test exchanges of data between every combination of 
translators to ensure that there is no loss of meaning in 
any possible exchange. Therefore, for each translator 
there needs to be a set of interoperability tests for every 
other application in the exchange scenario fora particular 
AP. Interoperability testing is therefore a much longer 
process than conformance testing. 


Conformance testing is the only method formally specified 
by the STEP procedures, but there are companies and 
consortia currently performing both tests. Since this kind of 
testing is a quality check on conformance to an international 
standard it falls within the scope of existing LR activities. 
LR is in a strong position in this respect due to both the 
absence of any such service at present for the shipbuilding 
APs, and LR’s reputation and involvement at the ISO level 
in developing the standard. 


Uses 

Due to the Product Model based design of the new 
ShipRight'? System, calculation modules can be attached to 
the system and work on the main database of Ship Product 
Data; Finite Element Modelling (FEM) is one of those 
modules currently in place in the first release. ShipRight'> 
also supports the import and export of data in STEP format 
and according to the structure of its own product model. 


This adheres to one of the basic philosophies of STEP which 
is that the data is not reliant on any one application. This 
allows freedom of choice of software application, and the 
reuse of data for archiving and its use throughout the 
lifetime of the vessel; specifically the reuse of design data 
for supporting the operational phase. Indeed, there are 
currently parts of the STEP model which cover loading 
conditions of a ship. These could be used in conjunction 
with the as-built structural data, which already exists, to 
speed up the flow of information in an emergency response 
situation. 


Another application, which is currently being implemented 
in the LR led SEASPRITE project, is the reuse of as-built 
data for the configuration of hull condition monitoring 
systems. LR is already importing this data into the 
ShipRight HCM application. The STEP model also supports 
the electronic exchange of survey information which once 
imported into the system can be logged against the relevant 
structural part and compartment. This will provide an up to 
date representation of the condition of the hull structure. 
Indeed, IACS are currently reviewing and participating in 
the development of this part of the STEP model. 


Once remodelling costs are reduced by the employment of 
this technology the number of potential applications will 
rapidly increase with the effect that we will be able to offer a 
wider service for our customers. 


Re. Observation No. 1 

The problem of overlapping content between the APs has 
been addressed by the use of what is know as the ‘Building 
Block’ methodology. Building Blocks are small, well 
defined, self contained segments of the model. These can be 
reused throughout all the APs. An example building block 
specifies the frame definition which is an important concept 
in all the APs. This modularisation of the model 


development negates the need for the specification of 


formal mappings between the APs. 


The need to exchange information about one ship in three 
separate files conforming to three separate APs is a separate 
problem and will be further investigated in the SEASPRITE 
project which is now underway. 


Re. Observation No. 2 

This highlights one of the reasons for the length of 
development of this technology. Projects have a finite length 
which is generally less than the development time for a part 
of the standard. The subsequent interval until new funding 
is secured and the inevitable change of personnel mean that 
development is not continuous. 


EMSA (the European Marine STEP Association) was set up, 
with LR as a founding member, to ensure that there is 
continuity of both funding for the standard development 
process and personnel between projects. EMSA has now 
grown to about 24 members. All major European 
shipbuilders and classification societies are represented, as 
well as software houses, research institutes, model basins 
and the UK Ministry of Defence. 


Re. Observation No. 3 

LR currently provides the secretariat for EMSA holding the 
chair and the position of Technical Coordinator. LR are 
therefore responsible for producing the EMSA newsletter 
three or four times a year. This details the developments of 
the standard and relevant projects and progress of 


implementations. It can be given wide circulation within the 
organisation. The LR led SEASPRITE product data 
exchange and management project also has space in the 
research section of Marine Division on the LR World Wide 
Web site (http://www.Ir.org) as well as its own web site 
(http: / /Irtpdd.demon.co.uk). 


From: Dr. Z. Bazari 


I would like to congratulate the Authors on a very 
interesting LRTA Paper. Since my involvement in STEP AP 
226, ‘Ship Mechanical Systems’, I have felt that there is a lot 
of interest in the standardisation of data exchange for the 
operational phase of a ship’s life cycle, more so than for the 
shipbuilding phase of the life cycle. Unfortunately, the ISO 
TC184 SC4 WG3 and all ship’ s AP development R&D 
projects are supporting the shipbuilding business. | would 
like to hear the Authors’ comments on why this is so? 


The Authors indicated during their presentation that, after 
completion of STEP related projects, LR would be ina 
position to manage information for the benefit of the marine 
industry. I believe that classification societies in general, and 
LR in particular, are very well placed for the provision of 
technical information services. | was wondering whether LR 
has a clear policy in place for providing technical 
information services to outside organisations? 


To: Dr. Z. Bazari 


Ship design and build are the first stages of the life cycle 
where much of the data to support the rest of the life cycle is 
created. Consequently, those parts of the standard have to 
be in place first. However, there are parts of the standard to 
support operational aspects; these are concerned with the 
exchange of ship survey information and ship loading 
conditions. As the design parts of the model become more 
mature, interest in extending these models will develop. 


DNV and a Norwegian consortium are leading the 
development of a ‘Ship in Operation’ Application Protocol 
which will be put forward for standardisation as soon as 
there are adequate resources. Furthermore, shipowners 
Maersk are now actively involved within SEASPRITE; the 
UK MoD are members of EMSA because they recognise 
STEP as being a solution to their life cycle product data 
management problems. 


With regard to your second question, as far as the Authors 
are aware, LR has no formal policy on the provision of 
technical information services to external organisations. 


From: Mr. P. Davies 


First | would like to congratulate the Authors on a very 
thorough explanation of STEP and LR’s involvement. 


Could the Authors advise on the involvement of the other 
classification societies with respect to the development of 
Marine STEP Application Protocols and other related issues? 


To: Mr. P. Davies 


The classification societies that have actively contributed 
towards the development of STEP are LR, DNV and GL; 
they are all members of EMSA. Since 1992 DNV have been 
the most active in STEP principally through projects 
including MARITIME and CAESAR offshore. DNV are 
producing STEP processors for Nauticus and DNV 
exchange. They have stated that their aim is to exploit STEP 
commercially as soon as the pertinent parts of the standard 
are technically stable and published as a Draft International 
Standard. BV are new members to EMSA this year, and ABS 
now attend ISO meetings and are members of the $18 
million US funded MariSTEP project which is implementing 
the shipbuilding APs. ClassNK have attended ISO meetings 
for two years providing comments on a number of 
shipbuilding Application Protocols. Indeed, the following 
appeared in Asian Shipping, December 1996 — January 1997: 


‘Cradle to grave approach to ship care. 

ClassNK’s technical services have been brought together 
under the collective title of PrimeShip. Through STEP, a 
data exchange standard, PrimeShip databases can be shared 
among shipyards, owners and shipping companies.’ 


From: Mr. F. Verbaas (LR-Rotterdam) 


I would like to congratulate the Authors on their 
comprehensive elaboration of the topic, giving a valuable 
overview of the state-of-the-art regarding the electronic 
exchange of data. 


There are, however, some points on which I should like to 
comment. 


The LRTA Paper is based on the assumption that a ‘product 
model’ is produced by the shipyard and that this model can 
be used directly by LR for classification purposes. This may 
be true in some cases but | am convinced that this 
assumption cannot be made in general. I will point out the 
reasons for this below: 


(i) The experience at the Rotterdam plan approval office is 
that only a minority of the shipyards produce a ‘product 
model’ as described in the LRTA Paper. If such a model 
is made atall, this is done during the detailed engineering 
process, i.e. after approval of the main construction plans. 
Time constraints will not normally permit model build- 
ing at an early stage. 


(ii) The only time a product model is available during the 
plan approval stage is when the newbuilding is an almost 
exact repeat of a ship previously built with LR class. In 
this case, the ‘as built’ model of the earlier vessel is used. 
This model, however, is likely to contain the details, fit- 
ups and improvisations that were included in the 
previous ship. Thus the ‘main plans’ as contained in the 
model, may contain many details not relevant to the new 
ship but requiring extra attention (i.e. time) during 
approval. 


(iii) Assuming that the basic model was available in time for 
approval, it is doubtful as to whether it could be used to 
generate inputs for computation, with the ease described 
in the LRTA Paper. The task of writing the interface 
programs is very difficult because the same items can be 
described in the model in different ways, not always 


matching the description that is to be used in the compu- 
tations. For example, taking a cross section of an as-built 
model to calculate the midship section modulus leads to 
an over-optimistic result, as the sectional area of non- 
watertight girders and decks must be reduced to take 
account of holes and slots for transverse stiffening and 
some of the material may be only local and not effective. 
Calculations requiring the hull form as input, suffer the 
same problem, for example, with regard to bossings, 
boxcooler-chests and tunnel thrusters. In some cases, a 
high degree of portability of data can be achieved, but 
manual checking and tuning will remain necessary. 
Normally, this will make the data unsuitable for sending 
back to the shipyard and depending on the extent of the 
Application Protocol used, the same amount of effort for 
tuning will be required in the case of a re-submission of 
the plans. 


(iv) Itmustbe emphasised that, if LR accepts a product model 
as a way to submit a proposed construction for approval, 
the procedures should include consistency checks of each 
submitted model. Both consistency within the model 
itself and consistency with normal plans submitted along 
with the model must be checked. 


The final matter that | would like to raise concerns the great 
expectations the Authors express about the uniform 
description featured by the Application Protocols. The 
general experience with such ISO standards is that some of 
them are widely adopted and adhered to, provided the 
standard suits the needs of the users. A standard can, 
however, never accommodate the huge variety of 
construction details in use all over the world without 
becoming either too expensive to implement or too detailed 
for practical use. | am therefore concerned that, for items 
not covered by the AP’s, users will, by mutual agreement, 
develop extensions for their own use. 


The EXPRESS language allows easy expansion of the 
Schema defined in the AP whereas formal extension of the 
AP is very time consuming. We have seen this happen 
before with ISO standard programming languages. 
Encapsulating the definition of extensions in the datafile as 
featured by Encapsulated Postscript, for example, is not an 
option. Within postscript the ultimate use of the data in the 
file is well defined, the data being plotted in some form. The 
basis of STEP is, however, that the purpose for which the 
data is used is not defined. 


I should like to hear the Authors’ opinions in this respect. 


To: Mr. F. Verbaas (LR-Rotterdam) 


Your contribution correctly points out some of the different 
work practices which exist in different companies. This has 
been made evident during the course of the development of 
the standard. The amount of detailed work done at the 
different stages of the design process can vary greatly. Some 
companies, mainly for defence contracts, get paid 
considerable amounts of money to produce the pre-tender 
design. Other yards (as it was once said) ‘pull a design off 
the shelf and change the name on the front’. However, 
whenever the design is done, if Computer Aided Design or 
Engineering systems are used, then there is the potential for 
data exchange. The information contained within these 
packages is enough in most instances, to populate a product 
model. 


Incidentally, there is some confusion of terminology in the 
question: a product model (or data model) is the generic 
definition of the structure of information (such as is found 
in an AP); product model data is the data about a product 
(e.g. ship) which conforms to the definition in the product 
model. It is product model data which is the data found 
within computer systems. 


Therefore, when a plan is submitted for approval, if it was 
generated by hand, then STEP is of no help. If the plan was 
generated by a general purpose CAD or draughting tool 
then there will be some information (mainly geometry) 
which can be imported into our rule and calculation 
software to support approval. However, some information 
will have to be input by hand. If the plan was generated on 
a specialist naval architectural design package (e.g. 
TRIBON, NAPA) most of the information which is needed 
can be exported and used during the approval process. 
Incidentally, both KCS and NAPA (suppliers of naval 
architecture design software) are involved in the 
SEASPRITE STEP project and are implementing STEP 
translators now. 


With regard to your fourth point, reference should be made 
to the answer provided to Mr T. J. Turner on the matter of 
conformance testing. 


With respect to the final part of your contribution, the 
statement therein that industry requirements may change 
before a standard has been developed and put into use, is 
correct. This is why it is important that sufficient effort be 
put into developing the standard as quickly as possible, this 
will allow it to be implemented sooner. 


It is inevitable that information requirements will change as 
business practices change. Many industries, including 
shipbuilding, are moving towards globalisation 
incorporating concepts such as virtual enterprises and 
concurrent engineering. The US shipyards particularly are 
encountering this as they are being forced into participating 
in the commercial sector. European, Japanese and Korean 
shipyards are following similarly by looking into electronic 
working practices to speed up communication with 
suppliers and customers. 


The solution is a quick, but thorough, production of the 
standard focused at solving the problems in a few of the 
most critical areas of information exchange. This will enable 
the technology to be used where it is most needed. The 
SEASPRITE project has just undergone a process of 
investigating the requirements for data exchange between 
classification societies, shipyards, ship owners, model test 
basins and subcontractors. It has identified key areas where 
data exchange and management technologies can be 
implemented now for maximum business benefit. These 
investigations not only identify the information 
requirements for exchange, but also put these into context 
by identifying the places in the business processes where 
these exchanges take place. 


These requirements are being fed back into the 
standardisation process and the relevant parts of the 
product models are being fast tracked through the ISO 
process. In this way the ISO STEP standard will form the 
basis for ship product data exchange in the maritime 
industry. 
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From: Mr. A. Kamitani (LR-Yokohama) 


The life cycle nature of the STEP product data model has 
potential in terms of LR’s future business, i.e. to offer a new 
type of service. In fact the LRTA Paper states that LR is 
ideally positioned to become custodian of ship product 
model data for its customers. 


Furthermore, the STEP Product Model Exchanges include 
initial ship design details, information from shipbuilders, 
engine manufacturers and material suppliers, repairers, flag 
states, insurers, etc.; most of these parties are unlikely to 
release such information. As a Naval Architect, | wonder 
how any shipbuilders would agree to the exchange of such 
information, e.g. lines plans, or offsets, of a ship with other 
parties? 


Offsets and lines plans constitute important primary data, 
and as far as I know a shipbuilder would not give this 
information to other parties without sanction / substantial 
payment. This would be particularly valid for the purposes 
of conversion/damage repair of a large ship, ownership of 
which may have changed. 


The LRTA Paper states that shipbuilders traditionally have 
limited interest in a ship once the guarantee period has 
expired, and that ship repairers need detailed information 
on structural configurations and scantlings. 


I consider that shipbuilders normally continue to have an 
interest in ships built by them and that, other than those 
paper plans supplied to the original ship owners, they will 
not allow other parties the free use of the detailed ship 
information, e.g. structural configuration and scantlings. 


May | ask the Authors to comment upon how shipbuilders 
protect their copyright/intellectual rights with respect to 
their initial design information of the ship and machinery, 
and for matters pertaining to liability of their information, 
as kept in the Ship Product Model under LR’s custody, 
where other parties have access to information kept within 
the database. 


It is understood that by STEP information exchanges, the 
shipbuilder may have the benefit of a shorter lead time for 
shipbuilding, but, what other significant benefits can they 
obtain from this STEP Product Model Exchange without 
supplying vast amounts of initial design information to LR. 


The idea that information exchanged in the right place at the 
right time to the right party, is very good, but at the same 
time the issue of copyright protection is a separate matter. 


It will take a number of years of close working relations 
before shipyards and shipbuilders decide to step into STEP. 


To: Mr. A. Kamitani (LR-Yokohama) 


(i) Why would a shipbuilder willingly relinquish this 
type of information? 


LR only requires a subset of the information needed to 
define the ship. Lines plans and general arrangement 
plans are submitted to Model Basins for tests and to 
Lloyd’s Register for stability approval. It may not be 
relevant to exchange all the supporting analysis data 
(e.g. resistance, manoeuvring and sea-keeping analysis). 


(ii) 


Gs (iii) 


As lines and arrangement plans are exchanged already, 
then to do so in an electronic form provides greater 
speed by diminishing the need for re-digitisation. As 
with data submitted in paper form, it is incumbent on 
LR to protect the data from unlawful use. 


Secondly, shipyards in Europe want to exchange this 
information electronically. For example, Odense Steel 
Shipyard, Kvaerner and AESA have all made these 
intentions known. For them it is a case of using their 
investment in Information Technology effectively from 
design through to production in order that they can 
compete with shipyards in the Far East. 


How does this relate to the notion of product data 
custodianship? 


The difference between product data custodianship 
and the situation described above in (i) is the: 


amount and type of data which will range from early 
design information to survey information and the 
ownership of which would be less clear; 


— manner in which the data integrity itself is main- 


tained by LR as custodian; 

exchange may often be both ways as some ship- 
builders may be interested in obtaining feedback 
from LR on the performance of the ship in service. 


The idea would be for LR to offer an additional service 
that collated and managed the data for the customer. 
LR could facilitate the exchange of information 
between the original owner and new owner or the 
original build yard and the refit yard. In a sense, such 
a service is a natural extension of the outsourcing, of IT 
services currently common in industry. 


The two biggest difficulties though will be the change 
in culture required and the resolution of issues on 
Intellectual Property Rights. As is stated in Mr 
Kamitani’s contribution it is this latter point and the 
issues around copyright protection that will require 
considerable investigation before custodianship could 
be embraced. 


How else will shipyards benefit from product model 
exchange? 


As the LRTA Paper suggests the primary benefit for 
the shipyard will be a reduction in the time taken for 
LR to perform its classification tasks. This benefits the 
shipyard by reducing the total time it takes the 
shipyard to complete its time critical tasks, for 
example hull plan approval prior to steel ordering. 


Also, once the shipyard has an idea of how its systems 
are used together to describe the ship product model 
then that very same analysis can be used to integrate 
and rationalise the number of in-house and third party 
software applications in use. This is a benefit that is 
being pursued by American and European shipyards 
with some vigour. The LR approach to developing the 
ShipRight suite of software also takes the same 
approach, so that different applications can use the 
same consistent product data. 


There are other benefits for shipowners in terms of LR’s 
service. Many third parties such as insurance surveyors 
and port state control personnel have an interest in 
survey status and conditions information. Shipowners 
may entrust LR to release this information if this 
reduces the number of third party inspections required. 


REFERENCES 


4 


3 


Or applications other than SEASAFE. 
KBSSHIP — 


Knowledge Based Systems on board SHIPs. 


Modelling Knowledge About Complex Technical systems for 
multiple use, ESPRIT EP:8145. 
Called Ontologies in KACTUS. 


Lloyd’s Register Technical Association 


PERFORMANCE STANDARDS 
AND WRITTEN SCHEMES — 
RECENT EXPERIENCE FROM THE 
UK OFFSHORE INDUSTRY 


by 


J. R. Lane and M. C. Jones 


Paper No. 3. Session 1995-96 


<2 etn 


) Catalogue No: 


amma 8 oe 


The authors of this paper retain the right of subsequent 
publication, subject to the sanction of the Committee of Lloyd's 
Register of Shipping. Any opinions expressed and statements 
made in this paper and in the subsequent discussions are those 
of the individuals and not those of Lloyd’s Register of 


Shipping. 


Written contributions to the discussion of this paper are 
invited from members of the Lloyd’s Register Technical 
Association. To ensure inclusion in the discussion paper, the 
contributions should be received by the Hon. Secretary in 
London not later than 1st February 1996. 


© Lloyd's Register of Shipping 1995. All rights reserved. 
Except as permitted under current legislation no part of this 
work may be photocopied, stored in a retrieval system, 
published, performed in public, adapted, broadcast, 
transmitted, recorded or reproduced in any form or means, 
without the prior permission of the copyright owner. 


Enquiries should be addressed to Lloyd's Register of Shipping, 
71 Fenchurch Street, London EC3M 4BS, England. 


Hon. Sec. S. S. Dhanjal 
71 Fenchurch Street, London, EC3M 4BS 


PERFORMANCE STANDARDS AND WRITTEN SCHEMES — 
RECENT EXPERIENCE FROM THE UK OFFSHORE INDUSTRY 
by . 
J. R. Lane and M. C. Jones 


Jerry Lane was involved in hazard assessment for British Gas for six years followed by five years as a 
Technology Manager for BP in Europe. He then moved to HSE Offshore Safety Division, working in research 
and fire engineering for two years prior to joining LR where he is now a Senior Safety Engineer in LRES 
SIRM Offshore Safety, assisting client companies with PFEER compliance. He is also a member of the UK 
ISO Panel on Offshore Systems. 


Marcus Jones served 15 years in the Merchant Navy at all engineering ranks. After qualifying as an Extra 
Ist Class Marine Engineer, he joined LR. At the Lowestoft office, he was involved with industrial, marine 
and offshore surveys. He later worked offshore on new construction, demanning and periodic surveys. He 
was transferred to the Aberdeen office in 1994 where he is now the Deputy General Manager. He is also a 
member of the ISO Working Group on Verification 


TABLE OF CONTENTS 


SYNOPSIS 

1. INTRODUCTION 

2. CHANGES IN REGULATORY APPROACH 
2) 3. PFEER REGULATIONS & COMMENTS 

4. ALARP 

5. PERFORMANCE STANDARDS 

6. PERFORMANCE STANDARDS ISSUES 

7. THE WRITTEN SCHEME OF EXAMINATION 

8. WRITTEN SCHEME OF EXAMINATION ISSUES 

9. CONCLUSIONS 

10. ACKNOWLEDGEMENTS 

REFERENCES AND BIBLIOGRAPHY 

APPENDICES 


Appendix 1 — System Performance Standards 
Appendix 2 — Written Schemes of Examination 


Lloyd's Register Technical Association ] 


Piper Alpha before accident 


Piper Alpha during incident 


Lloyd's Register Technical Association 2 


SYNOPSIS 


The paper provides an introduction to The Offshore Installa- 
tions (Prevention of Fire and Explosion, and Emergency 
Response) Regulations SI 1995 No 743 which adopt a goal- 
setting approach to emergency response that replaces 
previous prescriptive regulations on fire fighting equipment 
and life saving appliances in the UK offshore oil and gas indus- 
try. This provides Lloyd’s Register with a major opportunity 
to assist companies in making the transition to the risk-based 
regulatory regime. Provided that this is done in a way which 
achieves the aims of both client companies and the regulator, 
it will allow us to build our position in the market for risk 
assessment and asset integrity services. 

These new regulations require the dutyholder to assess 
major accident hazards arising from fire and explosion events 


which may require evacuation, escape or rescue, and to iden- 
tify appropriate arrangements for dealing with them. 
Appropriate performance standards are required for anything 
provided to protect persons from a major accident involving 
fire or explosion and to ensure effective evacuation, escape 
and rescue. The dutyholder is also required to ensure that suit- 
able written schemes are prepared and operated by an 
independent and competent person to ensure that these 
measures remain effective. 

This paper provides an explanation of this process and 
guidance on the development of performance standards and 
Written Schemes of Examination. These are illustrated by 
some examples taken from recent experience of LR staff in 
System Integrity and Risk Management Department and the 
LR Aberdeen Office. 


Piper Alpha after accident 
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1. INTRODUCTION 


Prior to the Piper Alpha disaster in 1988, the safety of offshore 
installations was regulated by the Department of Energy 
through the Certification regime and a number of related 
Statutory Instruments. 

In the Enquiry that followed the disaster, Lord Cullen 
looked into other approaches to safety regulation including 
the Norwegian regime and the UK onshore regulations ‘The 
Control of Major Accident Hazards Regulations’, SI 1984 No. 
1902 (CIMAH). It was, however, recognised that offshore 
installations have some distinctive features, such as: 


e a multitude of hazardous activities and systems in close 
proximity, 

e the potential for interaction and escalation of hazardous 
events, 
the workforce living on site, 
the remote location of installations, 
difficulty of evacuation, particularly in adverse weather 
conditions. 


Lord Cullen’s recommendations identified the benefits to 
be derived froma change in offshore legislation with emphasis 
on reducing risks to the offshore workforce. It was recom- 
mended that offshore safety legislation be based on a 
goal-setting, risk-based approach, as opposed to the previous 
prescriptive style of legislation. It was further recommended 
that the Health and Safety Executive (HSE) assume responsi- 
bility for the regulation of offshore safety from the Department 
of Energy. 

The main item of new offshore legislation was ‘The 
Offshore Installations (Safety Case) Regulations’ (SCR) S.I. 
1992 No. 2885 [1], which came into force on 31 May 1993. The 
SCR specifically requires the duty holders’ Safety Cases to be 
formally accepted by November 1995, after which date 
offshore installations without an accepted Safety Case will not 
be allowed to operate. There is also a requirement for Quan- 
titative Risk Assessment (QRA) to be used in relation to certain 


Good safety philosophy 
Previous legislation 


The Cullen Report 


Health and Safety at Work Act (HSWA) 


Onshore/offshore legislation convergence 


aspects and a more general requirement for a demonstration 
that the risk to persons from major accidents has been, or will 
be, reduced to as low as reasonably practicable (ALARP). 

The risk based approach was explained ina previous paper 
‘The Safety Case’ presented to the LRTA by John Stansfield as 
Paper No 3 in the 1994-95 Session. The approach is basically 
one of identifying hazards, evaluating the frequency and 
consequence of hazardous events. The Offshore Installations 
(Prevention of Fire and Explosion, and Emergency Response) 
Regulations SI 1995, No 743 (PFEER) underpin the SCR by 
requiring the setting of performance standards and develop- 
ment of Written Schemes of Examination to ensure that 
measures for protecting people remain effective and are regu- 
larly reviewed and, if necessary, improved. In principle, this 
does not go beyond the requirement in the SCR for a demon- 
stration that measures continue to be taken to reduce risks to 
persons to as low as reasonably practicable but it provides 
further detail of the approach to be adopted. In formulating 
the new regulations, various factors were considered as illus- 
trated in Figure 1. 

This resulted in several new sets of goal-setting regulations 
being introduced to reinforce The Safety Case Regulations and 
to underpin the regime by giving further detail to the princi- 
ples involved, as presented in Figure 2. 

Lloyd’s Register Offshore Division has been working with 
the industry for some time as a Certifying Authority on behalf 
of HSE (by virtue of the Offshore Safety (Repeals and Modi- 
fications) Regulations SI 1993, No 1823). Now this role is 
changing to that of providing independent and competent 
persons working on behalf of dutyholders. This situation will 
be further modified when the new verification regime is intro- 
duced by The Design and Construction Regulations (DCR) 
sometime next year (1996). However, the process has already 
started with The PFEER Regulations, which have highlighted 
significant changes in the way Lloyd's Register will need to 
conduct itself in future. 

The change to risk-based legislation represents a signifi- 
cant move by the regulator and is typical of what is happening 
in other industries, such as railways, process industry and 


Figure 1 The New Regulations 
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Figure 2 Offshore Goalsetting Regulations 


possibly eventually shipping. Lloyd’s Register is continuing 
to work with a growing number of operators, assisting them 
in adapting to this approach and in developing their response 
to The PFEER Regulations. This paper aims to provide an 
introduction to the regulations and an appreciation of their 
importance in the context of the significant shift in regulatory 
regime towards this risk-based approach. In view of these 
changes, it was considered appropriate to provide an inter- 
pretation of the regulations and to provide Surveyors with an 
opportunity to gain an appreciation of the principles used in 
this approach. 

Section 2 of the paper outlines the changes in the regulatory 
regime which have been implemented in support of the Safety 
Case Regulations and Section 3 describes The PFEER Regula- 
tions themselves in more detail. It discusses the role of the 
competent person and the under The PFEER Regulations. The 
general principle of reducing risks to As Low As Reasonably 
Practicable (ALARP) is described in Section 4. The approach 
adopted so far in setting performance standards is described 
in Section 5 and the issues raised are covered in Section 6. Simi- 
larly, Written Schemes of Examination are described in Section 
7 and the issues raised are covered in Section 8. Brief conclu- 
sions have been drawn in Section 9. 
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2. CHANGES IN REGULATORY APPROACH 


In the prescriptive style legislation, such as The Offshore 
Installations (Design, Construction and Survey) Regulations 
SI 1974 No 289, certain requirements for equipment were set 
by regulation. Surveys were carried out to ensure that these 
minimum standards were met. In many instances the opera- 
tors set themselves higher specifications than the minimum 
standards, often arbitrarily but also by past experience and 
common industrial practice, the implications of non-compli- 
ance were often not quantified in terms of risk. 

In the goal-setting legislation, such as The Offshore Instal- 
lations (Safety Case) Regulations SI 1992 No 2885, Quantified 
Risk Assessment (QRA) is used extensively to provide an 
understanding of the risks involved. Measures are then 
selected, whether they be systems, plant and equipment, 
procedures or management philosophies, to take account of 
the risks which exist. The performance standards for these 
measures to prevent, detect, control, mitigate or recover from 
major accident events provide the basis for managing the 
hazard and ensuring that the measures remain effective. Using 
this system there is a clear link between the risks and the 
measures adopted to manage them. Previously arbitrary crite- 
ria are replaced by performance standards which are set by 
the systematic analysis of the risks involved (see Figure 3). 


Previous Legislation 
Hazards 
and risks 
Prescriptive Kieiiinuantl Survey and 
requirements safety executive reports by the 
S.1. 486, S.1. 611 certifying authority 


Present Legislation 


Hazards and Hazard Applicable 

risks assessment systems 
Performance 
standards of 
systems 


Independent Written 
competent schemes of 
person examination 


Figure 3 Changes in Regulatory Approach 
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3. PFEER REGULATIONS & COMMENTS 


Surveys for conformance to previous prescriptive regulations, 
such as The Offshore Installations (Fire-fighting Equipment ) 
Regulations SI 1978 No 611 were carried out by the Certifying 
Authorities, appointed on behalf of the Secretary of State by 
the UK Health & Safety Executive (HSE). 

By contrast, this paper is primarily concerned with The 
Offshore Installations (Prevention of Fire and Explosion, and 
Emergency Response) Regulations SI 1995, No 743 (PFEER) 
which came into effect on 20 June 1995 [2]. These make the 
management of fire and explosion and emergency response 
the responsibility of the dutyholder. The main aspects of rele- 
vance to Lloyd’s Register are set out in Regulations 4, 5, 18 
and 19, below. 


Regulation 4— General Duty 
(1) The duty holder shall take appropriate measures with a view to: 


(a) protecting persons on the installation from fire and explo- 
sion; and 


(b) securing effective emergency response. 


(2) Any more detailed requirement in Regulations 6 to 21 for the 
purposes referred to in paragraph (1) shall be without prejudice 
to the generality of paragraph (1). 


This general duty is placed on the dutyholder to protect all 
persons on an installation from fire and explosion and to 
secure effective emergency response by taking all appropriate 
measures, including prevention, detection, control, and miti- 
gation, using systems, equipment, and procedures. 

The main difference introduced in this regulation is that 
the identification of the system, equipment or procedure is not 
prescribed. The protection of persons from fire and explosion 
involves consideration of all the stages in prevention, detec- 
tion, communication, control, mitigation and recovery to 
reduce risk to as low as reasonably practicable. In order to 
demonstrate that risks are ALARP (ie. that it would be unrea- 
sonable to adopt further measures), the duty holder needs to 
show that the cost of further risk reduction is not justified. The 
ALARP principle is discussed further in Section 4, below. 

The general duty requirements are complied with through 
the other more specific regulations of PFEER and inevitably 
there will be overlap in requirements of other regulations, 
such as the Safety Case Regulations (SCR). Where this is the 
case, no duplication is envisaged and reference to work 
carried out for the conformance with PFEER will be acceptable 
for the relevant part of the other regulations. 


Regulation 5 — Assessment 


(1) The duty holder shall perform, and thereafter repeat as often as 
may be appropriate a process (in this regulation called “an 
assessment”) described in paragraph (2) in relation to the 
installations. 

(2) An assessment shall consist of: 


(a) the identification of the various events which could give rise 
to: 


(i) a major accident involving fire or explosion; or 
(ii) the need (whether or not by reason of fire or explosion) 
for evacuation, escape or rescue to avoid or minimise a 
major accident; 
(b) the evaluation of the likelihood and consequences of such 
events; 
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(c) the establishment of appropriate standards of performance 
to be attained by anything provided by measures for: 


(i) ensuring effective evacuation, escape, recovery and 
rescue to avoid or minimise a major accident; and 


(ii) otherwise protecting persons from a major accident 
involving fire or explosion; and 


(d) the selection of appropriate measures. 

(3) The duty holder shall: 
(a) record this assessment (including each repetition of it); 
(b) keep the record at an address in Great Britain; and 


(c) notify the Executive of such address. 


This regulation requires the duty holder to carry out an 
assessment of events that could initiate hazards due to fire 
and explosion and also to assess the needs for evacuation 
escape and rescue. This assessment would be recorded, main- 
tained and be available for review by the Health & Safety 
Executive. This assessment should be repeated as often as is 
necessary to reflect changes in circumstances such as 
combined drilling and production operations, and additions 
or modifications. 

The process of identifying the hazards would normally be 
carried out by a multi-disciplined team of offshore and safety 
engineers. The team would have access to all relevant infor- 
mation regarding the installation, including the following: 


e all relevant drawings, 

equipment lists and details, 

operating procedures, 

system details, 

inventories of combustible materials, 

system conditions, temperatures, pressures, etc., 
ignition sources, 

forced ventilation, 

design philosophy, and 

cause and effects. 


For the major accident events, the likelihood and conse- 
quences of each would be evaluated as part of the risk 
assessment. The assessment process would include all the 
factors leading to hazardous events involving fire or explo- 
sion, how they may develop and interact and affect the 
survivability of measures put in place to prevent, detect, 
communicate, control, mitigate or recover from the event [3,4]. 

The assessment of the evacuation escape and rescue would 
include the following: 


e themanagement and organisation and formal systems for the 
escape, evacuation and rescue of all persons on an installation, 

e the various means of escape from hazardous areas on an 
installation to the temporary refuge or the sea, 

e evacuation systems for persons at the temporary refuge 
and all other areas of an installation, 
all details of survival and escape equipment, 

e the number of persons likely to be on the installation, or 
needing rescue from the sea, 

e the efficiency of the rescue services under reasonably fore- 
seeable conditions, and 

e events likely to affect rescue and evacuation, such as 
adverse weather conditions, sea pool fires, ete.. 


The assessment on fire and explosion and on escape, evac- 
uation and rescue would then identify “appropriate measures” 
and set “performance standards” for those measures. 


In accordance with the goal setting approach of the new 
legislation, the performance standards will be set by the duty 
holder. 


Regulation 18 — Suitability of Personal Protective 
Equipment for Use in an Emergency 


(1) In relation to personal protective equipment which protects a 
person in an emergency against risks to his health and safety: 


(a) in conditions of fire, heat, smoke, fumes or toxic gas; or 
(b) in the event of his immersion in the sea, 


the duty holder shall, for the purposes of the Personal Protective 
Equipment at Work Regulations 1992(a), be treated as the only 
employer of all persons on the installation, and such persons 
shall be treated as only employed by him. 


(2 


— 


The duty holder shall ensure that there is prepared and operated 
a written scheme for the systematic examination and, where 
appropriate, testing, by a competent person, of the equipment 
referred to in paragraph (1) and for recording the results thereof. 


This regulation makes the duty holder responsible for the 
provision, availability and reliability of personal protective 
equipment for use in an emergency. Notice that this applies to 
all the people on the installation, not just the employees of the 
dutyholder. This equipment is the sort used to protect persons 
when an incident has occurred, such as immersion suits. 

The regulation requires the duty holder to prepare Written 
Schemes of Examination to ensure identified performance 
standards are met. These are typically expressed in terms of 
the functionality, availability and reliability of the system. 

The equipment covered by this regulation was generally 
outside the scope of previous Certifying Authority surveys 
and were generally inspected by the operator’s safety or loss 
control departments. Often the operator’s own basic schemes 
of examination are already available. 

LR have been requested by many clients to produce written 
schemes for these Regulation 18 items. The schemes are tested 
offshore during other routine visits, and through co-operation 
with operators, onshore and offshore, the schemes are modi- 
fied and refined. 


Regulation 19 — Suitability and Condition of Plant 


(1) The duty holder shall ensure that all plant on the installation 
provided in compliance with these Regulations (other than 
aircraft, or equipment to which Regulation 18 applies): 


(a) isso constructed or adapted as to be suitable for the purpose 
for which it is used or provided; and 


(b) is maintained inan efficient state, in efficient working order 
and in good repair. 


(2) Without prejudice to the generality of paragraph (1) and subject 
to paragraph (3), the duty holder shall ensure that there is 
prepared and operated a suitable written scheme for the system- 
atic examination, by a competent and independent person, of 
plant (other than aircraft, or equipment to which Regulation 18 
applies), provided - 


(a) in compliance with Regulations 11(1) (a), 13, 15 and 16; 
(b) as means required to be provided by Regulation 10: 
(i) for detecting fire; and 


(ii) fordetecting and recording accumulations of flammable 
gases; and 


(c) pursuant to the measures required by Regulation 12 to 
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combat fire and explosion, 
and for recording results thereof. 
(3) A scheme prepared pursuant to paragraph (2) shall: 
(a) specify the nature and frequency of examination; 


(b) provide for an examination to be carried out, where appro- 
priate, before plant is: 


(i) first used on the installation; and 


(ii) first used on the installation after modification or 
repairs (other than running repairs); 


and it may make different provision for different plant or cate- 
gories of plant. 

(4) In this regulation, reference to examination is reference to care- 
ful and critical scrutiny of plant, in or out of service as 
appropriate, using suitable techniques, including testing where 
appropriate: 

(a) to assess its suitability for the purpose for which it is used 
or provided; 

(b) to assess its actual condition; and 

(c) to determine any remedial measures that should be taken. 

(5) Subject to paragraph (6), reference in paragraph (2) to the suit- 
ability of the scheme is reference to its suitability for the purpose 
of discharging the duties specified in paragraph (1). 

(6) The scheme referred to in paragraph (2) need not provide for the 
examination, while a Certificate of Fitness is in force in relation 
to the installation, of any equipment, which was attached to or 
formed part of the installation at the time of a survey, if: 

(a) the equipment was included in the survey. 


(b) the survey found that the installation complied with Sched- 
ule 2 of the 1974 Regulations; and 


(c) a declaration of such survey was considered before the 
Certificate of Fitness was issued. 
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Trae? 


For the purpose of paragraph (2) a person is independent where, 
even though he may be employed by the duty holder, he is suffi- 
ciently independent of any other persons accountable to the duty 
holder for the discharge of his duties under these Regulations in 
respect of the installation to ensure that the discharge of his duty 
under the scheme will not be prejudiced. 


(8) In paragraph (6) “Certificate of Fitness”, “equipment” and 
“survey” have the same meaning as in Regulation 2(1) of the 
1974 Regulations. 


This regulation makes the duty holder responsible for 
ensuring that the plant provided on the installation is suitable 
for its purpose and is maintained effectively. Like Regulation 
18, this regulation also requires the dutyholder to prepare 
Written Schemes of Examination, this time to ensure plant 
provided performs as intended. Again, the examinations must 
be undertaken by an independent and competent person. 

Plant referred to in the regulations includes machinery, 
equipment or appliances, and does not cover structural items, 
helicopters or equipment within the scope of Regulation 18. 
The Written Schemes are to record the plant to be examined, 
and the types of examinations to be undertaken, for example, 
initial examinations, those carried out when the plant is 
brought onto the installation, and after repairs or modifica- 
tions. Examination includes testing, and careful and critical 
scrutiny to assess the suitability of the plant for its purpose, 
its condition and to identify any remedial measures. 

In maintaining plant in an efficient state, this relates to 


health and safety and does not cover production activities. 
The Written Schemes of Examination are to be independent 
and the scheme should be carried out above and beyond 
checks carried out as part of the maintenance or testing 
routines carried out by installation personnel. However, the 
results of examinations carried out under the written scheme 
should be taken into account by the dutyholder’s maintenance 
programme for relevant plant, in particular where the results 
indicate deficiencies in the programme. 

The dutyholder is responsible for preparing and operating 
the written scheme of examination and for specifying the 
nature and frequency of examination for plant covered by the 
regulations. 

The selection of a competent person to carry out the exam- 
inations is also the responsibility of the dutyholder. The 
competent person may be employed by the dutyholder, may 
be self employed, or may be appointed from a qualified and 
experienced body. In all instances, the competent person must 
be sufficiently free from the influence of others within the 
dutyholder’s organisation to ensure that examinations will be 
objective, taking account only of health and safety considerations. 

The following Regulation 25 revokes the previous prescrip- 
tive regulations: 


Regulation 25 — Revocation 


(1) Title (2) Reference (3) Extent of 


revocation 


The Offshore Installations 
(Operational Safety, Health 
& Welfare) Regulations 1976 


S11976/1019 — Regulations 2(1), 


4(6) and 18(4) 


The Offshore Installations 
(Emergency Procedures) 
Regulations 1976 


$1 1976/1542 — The whole 


Regulations 


The Offshore Installations 
(Life-saving Appliances) 
Regulations 1977 


The whole 
Regulations 


SI 1977/486 


The Offshore Installations 
(Fire-fighting Equipment) 
Regulations 1978 

The Health & Safety (Fees) 
Regulations 1993 


SI 1978/611 The whole 


Regulations 


$1 1993/1321 Regulation 2 


Intolerable Region 
Risk cannot be tolerated 
except in emergency 


ALARP Region 
Risk tolerable if reduced to as 
low as reasonably practicable 


4. ALARP 


Under The Offshore Installations (Safety Case) Regulations 
1992, dutyholders are required (Regulation 8(1)(d)) to demon- 
strate that risks have been evaluated and measures have been, 
or will be, taken to reduce the risk to persons affected by those 
hazards to the lowest level that is reasonably practicable. This 
requirement for a demonstration that risks are ALARP ties 
into the requirement for an assessment under PFEER, that 
identifies the major accident events involving fire or explosion 
or the need for evacuation or rescue, and the requirement for 
performance standards to be set and written schemes to be 
prepared and operated. 

Throughout the assessment, the principle of ALARP is 
used, as detailed in Figure 4. 

In zone one, the risks are shown to be broadly acceptable, 
provided that evidence is available of how they will be main- 
tained at or below this level, detailed consequence analysis 
will not be required. 

In zone 2, the ALARP region, an assessment will be 
required to show that risks to persons are, and will remain, 
ALARP. That is, a varying degree of risk has been identified. 
The level of risk is from the acceptable level, through increas- 
ing risk to the unacceptable level. At the lower end of the scale, 
the risk could be such that cost of a given risk reduction would 
exceed the benefit gained and further measures to reduce it 
would not give a cost effective benefit. The closer the risk is 
to the intolerable region (zone 3) , the more rigorous the 
demonstration required that the evaluation of both the 
frequency and consequences of the event take account of any 
uncertainty in the analysis of the risk. 

In zone 3, the level of risks are intolerable except in an 
emergency situation. The risks in this region would generally 
have to be reduced or the hazard eliminated altogether. 


Increasing 
width of 
triangle 
[2] represents 

increasing 
ievel of 
risk 


Figure 4 As Low As Reasonably Practicable (ALARP) 
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5. PERFORMANCE STANDARDS 


This section aims to introduce the hazard management process 
in order to give an appreciation of the principles involved and 
to provide a framework for assessing the status of a duty- 
holder’s documentation in relation to compliance with The 
PFEER Regulations. The PFEER Process is illustrated in Figure 
5. Dutyholders are required to carry out an ‘assessment’ cover- 
ing all of the ‘appropriate measures’ identified and to establish 
performance standards for each of these systems. 

The definition in PFEER states ‘a performance standard is 
a statement, which can be expressed in qualitative or quanti- 
tative terms, of the performance required of a system, item of 
equipment, person or procedure, and which is used as the 
basis for managing the hazard’. 


5.1 The Hazard Management Process 


The setting of performance standards and development of 
written schemes is a function which is carried out within the 
management system for an offshore installation. This will 
typically be in place to provide: 


leadership and commitment, 
policy and objectives, 
organisation and resources, 
evaluation and risk management, 
planning, 

implementation, 

measure audit and review. 


Identify and 


assess hazards 


to ALARP 


LR SIRM 
DEPARTMENT 


Reduce hazards 


recover 


Select appropriate 
systems (measures) 
to control, mitigate, 


Y 


Set performance 
standards for systems 


LR OUTPORT 
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Prepare written 
schemes of examination 
to ensure performance 
standards are met 


Refine process 


Carry out examinations 
and report findings 


Se ae tere ER | 


| ¥ 


Figure 5 The PFEER Process 
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Evaluation and risk management entails hazard manage- 
ment, which normally follows the conventional stages of: 


identify, 

eliminate or evaluate, 
prevent, 

detect, 

communicate, 
control, 

mitigate, 

recover. 


These stages form the background to the process of setting 
risk-based system performance standards. For each hazard, 
an analysis of the risk is required and appropriate measures 
must be put in place to manage the hazard. Standards of 
performance must be set for each measure to ensure that it 
remains effective. It is also important to note that some high 
level criteria are required as the basis for decisions regarding 
the acceptability of a particular risk. Therefore, screening crite- 
ria are introduced as ‘the values or standards against which 
the significance of the identified hazard or effect can be 
judged’. These may be health, safety, environmental or other 
criteria set by the company, industry bodies or by the relevant 
regulator. 

In this way, we arrive at a process for managing hazards. 
The same process can be used when reviewing safety docu- 
mentation: 


identify hazards, 

confirm screening criteria, 

evaluate risks, 

review system selection, 

set performance standards, 
evaluate risk-reduction measures, 
measure, audit and review (iterate), 
continuous improvement. 


eoeeeee#ee 


5.2 Elements of a System Performance Standard 


This paper will now concentrate on system-based perfor- 
mance standards. When setting system-based performance 
standards, the aspects to consider have been described in 
industry guidance [5], and the main elements are: 


e Functionality — the ability of a system to fulfil its role in 
managing hazard(s), 

e Availability — the probability of the initial event occurring 
and the system being able to fulfil its role, 

e Survivability — ability of the system to fulfil its role during 
or after a hazardous event or parameters of the event which 
the system must be designed to withstand. 


In addition, the following should be addressed: 


e Maintainability — ensuring measures remain effective eg. 
access, corrosion, firepump performance curves, 

e /nteractions—other hazards and systems eg. ignition caused 
by water ingress into equipment, 

e Control of change — modifications, procedures, ete.. 


5.3 Setting Performance Standards 


Considering each element of each performance standard in 
turn, for each system, in relation to each of the identified 
hazards and examining the potential for system interactions, 
provides a process for developing performance standards 
for each of the appropriate measures selected. The Lloyd’s 
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Register approach to setting system performance standards 
reviews: 


e their relationship to other ‘Levels’ of performance standard 
(screening-, risk-, scenario- or component-based standards), 
e previous performance (so that standards are realistic, take 
account of planned change and engineering experience), 
e whether they are achievable (and whether they make it 
apparent when they are not being achieved), 
whether they are measurable, and 
e whether they achieve compliance. 


Considerable thought should be devoted to simplifying the 
presentation of the results of all of this to produce a document 
that will be used offshore as the basis for managing the hazard. 

Unfortunately, there are other ways of looking at ‘level’ of 
performance standard such as the level of detail necessary to 
make the performance standard appropriate toa given system. 
A balanced approach is required to selecting the level of infor- 
mation required to confirm the performance standard. Setting 
the performance standard too low may constitute a failure to 
demonstrate that risks are or will be reduced to ALARP and 
setting it too high will mean that it may not be achieved. 

The following is a list of systems that may require perfor- 
mance standards: 


Regulation 10 — Detection of Incidents 


e Flammable Gas Detection. 

e Oil Mist Detection. 

e Hydrogen Sulphide Detection. 
e Fire Detection. 


Regulation 11 — Communication 


e Mandatory Communications. 
e Operational Communications. 
e Emergency Radio. 
e Navigation Aids. 


Regulation 12 — Control of Emergencies 


e Subsurface Isolation Valve (SSIV) System. 

e Reservoir Isolation System. 

e Topsides & Emergency Shutdown Valves (ESDV). 
e Riser ESDV System. 


Regulation 13 — Mitigation of Fire & Explosion 


Fire Pump. 

Fire Mains. 

Deluge Systems. 

Sprinkler Systems. 

Fixed Firefighting Equipment. 
Hazardous Area Ventilation. 
Non-Hazardous Area Ventilation. 


Regulation 14 — Musters Areas, Etc 


e Access and Escape Routes. 
e Emergency Lighting. 


Regulation 15 — Arrangements for Evacuation 

Helicopters. 

Totally Enclosed Motor Propelled Survival Craft (TEMPSC). 
Gangways/Jackups/Flotels. 

Escapes to Sea. 


Regulation 16 — Means of Escape 


e Ladders. 
e Liferafts. 
e Chutes. 
e 


Donuts. 


Regulation 17 — Arrangements for Recovery & Rescue 


e Recovery & Rescue Facilities. 


Regulation 18 — Personal Protective Equipment for Use in 
an Emergency 


e Survival Suits. 
e Lifejackets. 
e Smokehoods. 


Regulation 19 — Suitability & Condition of Plant 


e Machinery, Equipment & Appliances. 
e Maintain Plant in an Efficient State. 


Regulation 20 — Life Saving Appliances 


Survival craft. 
Liferafts. 
Lifebuoys. 
Lifejackets. 


A typical layout for a document setting out system perfor- 
mance standards is given in Appendix 1 


Lloyd's Register Technical Association 


6. PERFORMANCE STANDARDS ISSUES 


A pitfall in discussing ‘performance standards’ is that every- 
one approaches the debate with their own preconceived ideas 
of what performance standards are and what they are 
intended to achieve. To avoid these problems, a structure is 
offered below which has proved robust in use and is now gain- 
ing some acceptance with the industry. 

The approach uses four different levels of performance 
standard, each intended for a particular purpose: 


risk-based performance standards, 
scenario-based performance standards, 
system-based performance standards, and 
component-based performance standards. 


High level, risk-based performance standards, such as 
individual risk not to exceed 10-4/year). This type of high 
level goal needs to be set early in a project if it is not stated in 
the company’s safety management system. Then, risk evalu- 
ation typically identifies key scenarios which dominate the 
risk in a specific situation, leading to the setting of medium 


level, scenario-based performance standards, for example @ 


release rates less than x kgs-1 or evacuation times not exceed- 
ing y mins. For risks requiring prevention, control and 
mitigation measures, these must be put in place to reduce risk 
to ALARP. For each measure, low level, system-based perfor- 
mance standards are set to ensure that they continue to 
perform as intended. 

For highly complex or severe hazards, it may prove 
necessary to go into more detail in terms of component- 
based performance standards arising out of failure modes 
analysis, etc. 

System-based performance standards are set in terms of 
functionality, availability, reliability, survivability and inter- 
actions. They are intended to provide a direct link between 
the system and the risk. However, the performance standards 
are set at a system level. In order to confirm that this perfor- 
mance standard is met, it would be ideal for the written 
scheme to be at the same level, and herein lies a problem. 

As the performance standards arise from the assessment, 
clearly the fewer the number of performance standards the 
better. However, high level performance standards would be 
difficult to measure. Setting performance standards, there- 
fore, becomes a compromise between making them 
measurable and having a manageable amount of information 
relevant to system performance. 

In recent months, Lloyd’s Register has carried out a series 
of reviews of the safety documentation belonging to client 
companies in relation to the achievement of PFEER compli- 
ance. The following provides a summary of some of the 
practical lessons which have been learnt during these reviews. 

The Process used to set performance standards is still 
evolving. In many cases, cultural change to a ‘risk-based’ 
approach has yet to happen. 

System selection has a tendency to concentrate on hard- 
ware. However, ‘appropriate measures’ selected as part of the 
Regulation 5 assessment should also include procedural and 
other software measures. 

If an element of a safety system is essential to breaking the 
chain of escalation between an initial event and a major acci- 
dent event then that system, particularly if it is the only such 
system, may be regarded as safety critical. The approach to 
identification of safety critical elements should take account 
of the applicability of several ways of managing a hazard to 
develop a properly prioritised, multi-layered approach to the 
management of each hazard and of the limitations of each 
method when applied to the different hazards 


] 


Identifying Safety Critical Elements should address all 


stages: 


Minimising Causes (Prevention) 
Mitigating Immediate Consequences (Early Detection/ 
Control) 

e Minimising Escalation Potential 
(Communication / Mitigation) 

e Enabling Evacuation 
(Recovery) 


Aspects of hazard causing systems need to be addressed as 
well as those systems traditionally regarded as safety systems. 
Simple solutions for eliminating or reducing hazards at source 
should not be overlooked. 

It is important to define the function of each system care- 
fully, consider each of its separate functions and why it needs 


to be there (if at all). Until the function of the system is deter- 
mined, on the basis of managing specific hazards, it is difficult 
to determine the other elements of performance for the system 
in a meaningful way. 

Currently, many companies are working on performance 
standards and Written Schemes of Examination. However, a 
little foresight is likely to pay dividends when considering 
what to do when performance standards are not met. Compa- 
nies can decide to put in place contingency plans for who is 
responsible, what to do and timescales within which action 
must be taken. The extent to which this is included in written 
schemes and resulting documentation is a matter for individ- 
ual companies and their advisers. 

The problem with choosing the correct level for perfor- 
mance standards is illustrated for a typical offshore system in 
Figure 6, below. 


Level of Performance Standard sited 
system 
l 
Blowdown Emergency Process 
system shutdown trips 
Soe 
Unit Class 1 Glass 2 Production MOL Gas comp 
shutdown eevee Pao) separators umps train 
shutdown shutdown 0 ages 
=. | 
| | | leaenpr ser! een 
High/low 
ESD ESD Emergency ‘evel Pressure Temperature 
valves panels power ‘ switches switches 
switches 
Well control 
equipment 
BOP’s Wellheads le 
pumps 
. — | 
| _ 
Master Annulus Subsurface 
valves valves valves 
Figure 6 


Example of a System illustrating the different ‘Levels’ 
at which it is possible to set System Performance Standards 
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7. THE WRITTEN SCHEME OF EXAMINATION 


The format of the Lloyd’s Register written scheme of exami- 
nation was developed by the LR Asset Integrity Management 
Systems (AIMS) team, together with the LR Lowestoft Office. 
The LR Lowestoft Office is presently providing PFEER 
services to the Southern North Sea installations while the 
Aberdeen Office covers the Northern sector. The System 
Integrity Risk Management (SIRM) Department in Croydon 
has co-operated closely in the development, marketing and 
implementation of these services. 

The SIRM Department, through their extensive experience 
in offshore and industrial risk management, have assisted 
clients in a wide variety of industries. The Offshore Group has 
been active for some time preparing, updating and reviewing 
safety cases, advising on various aspects of assessments for 
PFEER compliance, and providing advice on performance 
standards. The performance standards provide the basis for 
developing Written Schemes of Examination. The current 
written schemes comprise the following: 


Performance Standards. 
Written Scheme Details. 
Examination Details. 
Task Details. 


eh alld od te 


A typical written scheme illustrating each of these aspects 
is provided for information in Appendix 2. 

The written scheme of examination covers two specific 
regulations: 


Regulation 18 — Personal Protective Equipment which may 
include items such as: 


Fireman’s equipment — helideck 
Lifejacket array 

Survival pack array 

Immersion suit array 

Lifebuoys 

Donut escape pack 

Fireman’s equipment — general 
Firefighting equipment plans 


Regulation 19 — All other plant excluding structure, heli- 
copters and Regulation 18 items, but which may include 
the following: 


Regulation 10 — Detection of Incidents 
Fire & Gas 
Non-automatic 


Regulation 11 — Control of Emergencies 
Shutdown systems 

Automatic isolation equipment 

Fire extinguishers 

HVAC system 


Regulation 12 — Mitigation of Fire & Explosion 
Fire pumps/mains 

Water deluge 

Hydrants and hoses 

Sprinkler system 

Halon system 

Foam 

Fire resistant coatings 

Fire walls 


Regulation 14 — Muster areas, etc 
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Regulation 15 — Arrangements for evacuation 
Regulation 16 — Means of escape 


Within the written schemes there are two types of examination: 


Initial examination 
The initial examinations are carried out on both new and 
existing equipment. 


New Equipment — on new equipment the examination 
would, through design appraisal (where appropriate), 
documentation review and survey, confirm that the 
equipment conforms to the required specification, is suit- 
able for its intended purpose and will not have a 
detrimental effect on the other systems on the installation. 


Existing Systems — the initial examination on an existing 
system is to confirm that the system is in accordance with 
the designs, that the location conforms to the drawings 
and to establish the condition of the equipment in order 
to design suitable maintenance and examination 
routines and periodicities of examination. 


Periodical examination 

Periodical examinations are carried out to establish the 
condition of the equipment, to assess the adequacy of the 
maintenance routines and to confirm that the performance 
standards continue to be met. 


8. WRITTEN SCHEME OF EXAMINATION 
ISSUES 


In order to commence preparing the Written Schemes of 
Examination, it is first necessary to identify the correct level 
at which to do so. 

Written schemes are required to be ‘prepared and 
operated by a competent and independent person’ 
[Reg 19(2)]- ‘sufficiently independent ... to ensure that the 
discharge of [their] duty under the scheme will not be preju- 
diced’ [Reg 19(7)]. The guidance calls for the scheme to be 
‘above and beyond any checks carried out as part of routine 
maintenance and testing programmes’ [para183]. In practice 
there will be a spectrum from periodic independent (and 
competent) inspections to the sort of reliability information 
which is most readily acquired from planned maintenance 
systems. This is an issue which will be kept alive by the Design 
and Construction Regulations (DCR) and the debate is likely 
to continue for some time on this issue. 

In terms of experience in preparing Written Schemes of 
Examination, the approach adopted by Lloyd’s Register has 
been to provide draft written schemes for items typically 
covered by Regulation 18 of PFEER and to review and adapt 
these in the light of each operator’s experience. The Regula- 
tion 19 items may be covered, by agreement, under existing 
certificates. Dutyholders can then draft performance stan- 
dards and written schemes and gain experience in operating 
them up to the expiry of existing certificates — pending audit 
by the HSE. 


Lloyd's Register Technical Association 


9. CONCLUSIONS 


The Offshore Installations (Prevention of Fire and Explosion, 
and Emergency Response) Regulations SI 1995 No 743 intro- 
duce a requirement for the dutyholder to identify appropriate 
arrangements for responding to emergencies, to set perfor- 
mance standards for anything provided for ensuring effective 
evacuation, escape and rescue and otherwise protecting 
persons froma major accident involving fire or explosion. The 
dutyholder is also required to ensure that there is prepared 
and operated a suitable written scheme of examination by an 
independent and competent person to ensure that these 
measures remain effective. 

These regulations have initiated the change from the role 
of Lloyd’s Register as a Certifying Authority to that of an inde- 
pendent and competent person who can assist companies in 
carrying out the necessary assessments and in preparing and 
operating Written Schemes of Examination. This role will need 
to be based on the experience and added value which Lloyd’s 
Register can contribute, rather than on a position enshrined 
in the legislation. 

This approach will be based on evaluation of the risks for 
a particular undertaking, in this case an offshore installation. 
The approach is likely to be broadened in scope by the Design 
and Construction Regulations and amendments to the Safety 
Case Regulations to include measures, performance stan- 
dards and written schemes in relation to other hazards 
offshore. Indeed, the approach may well be considered for 
proper control of risk in other industries. In future, the require- 
ment for a written scheme under The PFEER Regulations may 
be subsumed by the more general requirements of the DCR 
but this is still under consideration by the regulator. 

Lloyd’s Register have been involved with operating 
companies in developing the response to PFEER, carrying out 
reviews of documentation, helping to set performance stan- 
dards and assisting in the development of written schemes. 
This experience is likely to prove very valuable as and when 
further risk-based regulations are introduced. 

The benefit of LR providing this service is that itis delivered 
in a manner which is more cost effective than the operators 
doing it in-house. Obtaining wide client support for the LR 
system means that the implementation of the written schemes 
will become increasingly easier for the Surveyors compared 
to the possibility of having to carry out examinations and 
report under numerous different schemes. 

The management and administration of the Written 
Schemes of Examination are being carried out differently by 
each operator. Most operators have a planned maintenance 
system and numerous commercial software packages avail- 
able that can be used to run the scheme. However, the chosen 
method will need to satisfy the requirements in The PFEER 
Regulations for the scheme to be prepared and operated by a 
competent and independent person. 
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APPENDIX 1 

SYSTEM PERFORMANCE STANDARDS 

Covering the main Performance Standards Elements: 
e Functionality 


e Availability 
e Survivability 


FUNCTIONALITY 


System Performance Standards: Installation: 
Functionality 


System: Fire and emergency equipment Sub System: Firemain 


Goal: to distribute firewater on demand to all firewater end users, at the required pressures and flows under emergency 
conditions 


Function Criteria Verification 


To distribute firewater at pressures and | To supply 100% firewater on demand External visual pipe inspection to be 
flows sufficient for all end users. from any section of the firemain with a | carried out. 


; ; section isolated. 
To continue to supply firewater on Verify pipework surveys have been 


demand with a section isolated. System to be permanently charged carried out and that the remaining wall 
and pressurised by a separate pump thickness remains within specification. 
To maintain firemain in a precharged or cross over from the seawater 
condition. service pump. Verify that with a section of the 
: : firemain isolated, the required number 
To start a fire pump on loss of firemain | pipework to be in good condition of hydrants are supplied with firewater 
pressure. internally and externally. at the design pressures and flows. 


Fire pump to be started if the firemain 
pressure drops by 1 bar. 


Separate connections to the firemain 
to be provided for hoses and monitors. 


Prepared by: Control No.: Rev No: | Date: 


Approved by: 
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AVAILABILITY 


System Performance Standard: 
Availability 


Installation: 


System: Fire and emergency equipment 


| Sub System: Firemain 


Element 


Criteria 


Verification 


System to be available at all times with 
the firemain charged and 
firepumps in automatic mode. 


To carry out corrosion surveys to 
ensure firemain pipework remains in 
good condition. 


To ensure isolation valves remain 
operable, accessible and identified. 


Pipe supports and hangers to remain 
functional. 


Prepared by: 


Firewater to be available 100% of the 


time on demand. 


Pipework and supports to be 
maintained in good condition. 


Verify availability by initiating a 


demand on the system. 


Verify pipework surveys have been 
carried out and that they remain in 


good condition. 


Isolation valves to be capable of being 


operated at any time. 


Isolation valves to be accessible at all 


times and identified. 


Control No.: 


Approved by: 


SURVIVABILITY 


System Performance Standard: 
Survivability 


System: Fire and emergency equipment 


Verify that isolation valves are 
operated frequently and that the 


Installation: 


operation is recorded. 


Sub System: Firemain 


Event 


Pipework 
valves. 


All fires and explosions. 


Pipe supports and hangers. 


Fire pumps and enclosures. 


Component Criteria 


and isolation 


Verification 


Sufficient components are 
to remain unaffected or 
protected to enable the 
firemain to retain its 
functionality. 


Prepared by: 


Control No.: 


Approved by: 
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Verify by reviewing the 
safety case. 


Review and inspect the 
safety plans and verify that 
protection for the firemain is 
in order. 


Date: 
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WRITTEN SCHEMES OF EXAMINATION 


Covering the main aspects of a typical: 


Performance Standards 
Scheme Detail 
Examination Detail 

— Initial Examination 

— Periodic Examination 
Task Detail 


PERFORMANCE STANDARDS 


Duty Holder: Asset Group: 
WSE Ref.: Unit: Production Platform 
Rev. No: System: Safety Equipment 
Rev. Date: Sub-system: Plant — Reg 19 (Reg 13) 
Activity type: MITIGATION OF FIRE AND EXPLOSION — 


fire pumps/mains 


Applicable performance standards: 
Standard 


These are preliminary standards and may be amended following Regulation 5 assessment. 
Location and operation is to be in accordance with the Operations Manual plans and Safety Case. 


The seawater fixed fire protection system consists of three dedicated fire pumps which distribute seawater 
to high and low pressure ringmains throughout the platform. They are to deliver the required quantities of 
fire water to the required locations within a required time. 


The ringmains are to include sufficient, readily accessible isolation valves, in order that sections can be main- 
tained under operational conditions without draining the entire system, or isolated in case of damage during 
an emergency. 


The fire mains are permanently charged, a drop to a set pressure automatically starting the fire pumps in 
sequence in set times. 


The fire pumps can be started locally; at remote locations throughout the installation; the fire pump panel 
in the CCR; or the Logistics Co-ordinator’s panel in the HLO. 


System or backup to be available 100% of time (including planned maintenance /shutdown) and to deliver 
the volume and pressure specified in the Operations Manual /Safety Case. 
j PASS ARTS ) 


Ref. 


S1 1995 No 743 
Reg 19 


(Reg 13) 
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| SCHEME DETAIL 


Duty Holder: Asset Group: 

WSE Ref: Unit: Production Platform 

Component: System: Safety Equipment 

Tag No: Sub-system: Plant — Reg 19 (Reg 13) 

Date of first use: Activity type: MITIGATION OF FIRE AND EXPLOSION — 
Date of installation: fire pumps/ mains 

Description: 


The seawater fixed fire protection system consists of high and low pressure ringmains which distributes seawater throughout 
the platform. The ringmains are served by three dedicated fire pumps with a fourth back up from the general service system. 


Limit of examination: 
The complete firewater ringmain system including pipe hangers, excluding the deluge system, sprinkler system and fire hydrants 
which are covered by separate schemes. 


Examinations: 


Proposed interval between examinations (months) 
Examination ID Projected Revised 
Initial Examination IE N/A N/A 
Periodic Examination — Type 1 PE] weekly 
Periodic Examination — Type 2 PE2 12 


Modifications and repairs: 


Modifications and repairs subject to approval: 
Any repair or modification which reduces the firefighting capacity of the system. 


Declaration: 


I hereby declare that having examined the available data and records, the written scheme | Revised: 

described above is considered to comply with the requirements of The Offshore Installations 

(Prevention of Fire and Explosion and Emergency Response) Regulations SI 1995 No 743 as 

far as applicable and the initial examination (IE) should be carried out on, or before, Surveyor to Lloyd’s Register 
This declaration is made subject to the conditions on the reverse hereof. Report No: 
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EXAMINATION DETAIL 


Duty Holder: Asset Group: 
WSE Ref.: Unit: Production Platform 
Rev. No: System: Safety Equipment 
Rev. Date: Sub-system: Plant — Reg 19 (Reg 13) 
Activity type: MITIGATION OF FIRE AND EXPLOSION — 
fire pumps/ mains 


Examination: Initial Examination 


ID: IE 


Examination Tasks: 


Task Name 

Record equipment details 

Verify inventory against plans 

Verify inventory against requirements 
General visual inspection 

Function test type | 

Function test type 2 

Confirm equipment ready for use 
Confirm performance 

Record head /flow 


Record time 


Pn = Preparation Task En = Examination Task Mn = Measurement Task 
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EXAMINATION DETAIL 


Duty Holder: Asset Group: 
WSE Ref.: Unit: Production Platform 
Rev. No: System: Safety Equipment 
Rev. Date: Sub-system: Plant — Reg 19 (Reg 13) 
Activity type: MITIGATION OF FIRE AND EXPLOSION — 
fire pumps/mains 

Examination: Periodic Examination — Type 2 

ID: PE2 

Examination Tasks: 

ID Task Name 

E2.0 Verify inventory against plans 

E3.0 General visual inspection 

E5.1 Function test type 1 

E7.0 Confirm equipment ready for use 

E8.0 Review operating / maintenance records 

E10.0 Confirm performance 

M4.0 Record head /flow 

M7.0 Record time 


Pn = Preparation Task En = Examination Task Mn = Measurement Task 
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EXAMINATION DETAIL 


Duty Holder: 
WSE Ref.: 
Rev. No: 
Rev. Date: 


Examination: 


ID: 


Examination Tasks: 
ID Task Name 


M4.0 Record head / flow 


M7.0 Record time 
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E2.0 Verify inventory against plans 


E10.0 Confirm performance 


Asset Group: 
Unit: 

System: 
Sub-system: 
Activity type: 


Production Platform 

Safety Equipment 

Plant — Reg 19 (Reg 13) 

MITIGATION OF FIRE AND EXPLOSION — 
fire pumps/ mains 


Periodic Examination — Type 2 


PE2 


E30 General visual inspection 

Bo.1 Function test type 1 

E7.0 Confirm equipment ready for use 

E8.0 Review operating / maintenance records 


Pn = Preparation Task En = Examination Task Mn = Measurement Task 


TASK DETAIL FOR ACTIVITY TYPE: FIRE PUMPS/MAINS 
Duty Holder: Asset Group: 
WSE Ref.: Unit: Production Platform 
Rev. No: System: Safety Equipment 
Rev. Date: Sub-system: Plant — Reg 19 (Reg 13) 
Activity type: MITIGATION OF FIRE AND EXPLOSION — 
fire pumps/mains 
Task P3.0 (Record equipment details) 
Task Name: Record equipment details Task Type: Preparation 
Rev. No: Rev. Date: 
Instruction: Record firepump installation manufacturer, serial number and type for the three fire pumps and the fourth 
back up pump 
Task E2.0 (Verify inventory against plans) 
Task Name: Verify inventory against plans Task Type: Examination 
[ ) Rev. No: Rev. Date: 
Instruction: Verify that the equipment supplied is in accordance with the Safety Equipment Plan 
Task E2.1 (Verify inventory against requirements) 
Task Name: Verify inventory against requests Task Type: Examination 
Rev. No: Rev. Date: 


Verify that the equipment supplied is in accordance with the Safety Equipment requirements. 


| Instruction: 
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TASK DETAIL FOR ACTIVITY TYPE: FIRE PUMPS/MAINS 


Duty Holder: Asset Group: 
WSE Ref.: Unit: Production Platform 

Rev. No: System: Safety Equipment 

Rev. Date: Sub-system: Plant — Reg 19 (Reg 13) 

Activity type: MITIGATION OF FIRE AND EXPLOSION - 
fire pumps/mains 

Task E3.0 (General visual inspection) 

Task Name: General visual inspection Task Type: Examination 

Rev. No: Rev. Date: 

Instruction: _General visual inspection of overall installations, ensuring suitability for purpose, actual condition and 


any remedial measures that should be taken. 


Task E5.1 (Function test type 1) 

Task Name: Function test type 1 Task Type: Examination 

Rev. No: Rev. Date: 

Instruction: Fire pumps are to be started manually and automatically in sequence from a random selection of local 


and remote locations. They are to be run on test for 1 hour with the required number of fire hoses and 
monitors connected and in operation. The times for the pumps to start and raise the firemain precharge 
pressure to the delivered pressure are to be recorded as Tasks M4 and M7. 


The engines are to be started by the main and secondary means of starting, and engine alarms and trips 
are to be tested and recorded as Task M18.0. Confirm that the correct indications are displayed in the 
control room, and that the fire main pressure alarms are working. 


Task E5.2 (Function test type 2) 
Task Name: Function test type 2 Task Type: Examination 
Rev. No: Rev. Date: 
Instruction: The ringmain isolation valves are to be operated from the fully open to fully closed position at a frequency 


such that they are all operated once in 6 months. Valves are to be left in the ‘as found’ position. 
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Duty Holder: 


Asset Group: 


WSE Ref.: Unit: Production Platform 
Rev. No: System: Safety Equipment 
Rev. Date: Sub-system: Plant — Reg 19 (Reg 13) 
Activity type: MITIGATION OF FIRE AND EXPLOSION — 
fire pumps/mains 
Task E7.0 (Confirm equipment is ready for use) 

Task Name: Confirm equipment is ready for use Task Type: Examination 

Rev. No: Rev. Date: 

Instruction: On completion of function tests, confirm that the equipment is ready for use in the automatic mode. 

Task E8.0 (Review operating / maintenance records) 

Task Name: Review operating / maint records Task Type: Examination 

Rev. No: Rev. Date: 

Instruction: Maintenance records to be reviewed for consistency, and that recurring faults with follow up actions are 
| being dealt with, and that all scheduled maintenance tasks have been completed. Ringmain isolation valve 
\ operation records are to be reviewed to ensure valves are being worked on a regular basis. Confirm that 

the ringmain safety valves are within certification. 
Task E10.0 (Confirm performance) 

Task Name: Confirm performance Task Type: Examination 

Rev. No: Rev. Date: 

Instruction: Confirm that the performance of each fire pump installation is such that the firefighting capacity of the 

platform does not fall below the minimum specified in accordance with the approved standards, and 
record as Task M19.0 
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TASK DETAIL FOR ACTIVITY TYPE: FIRE PUMPS/MAINS 


Duty Holder: 
WSE Ref.: 
Rev. No: 
Rev. Date: 


Task M4.0 


(Record head/flow) 


Asset Group: 
Unit: 
System: 
Sub-system: 


Activity type: 


Production Platform 
Safety Equipment 
Plant — Reg 19 (Reg 13) 


MITIGATION OF FIRE AND EXPLOSION — 


fire pumps/mains 


Task Name: 
Rev. No: 


Instruction: 


Record pressure 


Task M7.0 


Task Name: 
Rev. No: 


Instruction: 


Task M18.0 


(Record time) 


Record time to operate 


On starting each fire pump installation, record the time taken for the firemain pressure to build up from 
the ringmain precharge pressure to the required parameters with the approved number of fire hydrants 
or monitors in operation. 


(Record engine trips) 


Task Type: 
Rev. Date: 


Measurement 


With the fire pump(s) in operation, record the fire pump discharge pressure, fire main pressure and respec- 
tive flow rates (number of fire hoses or monitors in use), and confirm that they are in accordance with 
the approved standards and specified pump design parameters. 


Task Type: 
Rev. Date: 


Measurement 


Task Name: 
Rev. No: 


Instruction: 


Record engine trips 


Task Type: 


Rev. Date: 


Measurement 


Record the engine trips carried out on each of the fire pumps as a result of Task E5.1 


TASK DETAIL FOR ACTIVITY TYPE: FIRE PUMPS/MAINS 


Duty Holder: Asset Group: 

WSE Ref.: Unit: Production Platform 

Rev. No: System: Safety Equipment 

Rev. Date: Sub-system: Plant — Reg 19 (Reg 13) 

Activity type: MITIGATION OF FIRE AND EXPLOSION — 
fire pumps / mains 

Task M19.0 (Record performance.) 

Task Name: Record performance. Task Type: Measurement 
Rev. No: Rev. Date: 
Instruction: Record the performance of each fire pump as a result of Task E10.0 

— 
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SYNOPSIS 


The paper describes Lloyd’s Register’s ShipRight Hull 
Condition Monitoring System which has been developed for 
voluntary use by shipowners in association with Class 
Surveyors. It provides assistance in the planning and 
documentation of inspections and repairs of a ship’s hull. The 
system currently allows coatings, fractures and thickness 
measurements to be documented and will be enhanced to 
include a capability for other defects such as anodes, pitting 
and other damages. The graphics based system allows 
drawings of any part of the ship’s hull to be generated to assist 
in the acquisition of survey data and the subsequent entry, 
analysis and display of information. Summary data can be 
generated which identifies critical areas and it is planned to 
extend the system to include a trend analysis capability. In 
order to apply the system to an individual ship a detailed 
geometric model needs to be generated. This can be done 
either with an AutoCad modeller, which has been developed 
by Lloyd’s Register, or directly from CAD/CAM files at the 
time of construction. The system can be applied to any ship 
but is particularly relevant to oil tankers and bulk carriers 
which are less than ten years old. 

The relationship between the design of the system and the 
potential market is extensively discussed in the paper together 
with the planned and potential developments of the system. 
The system has recently been enhanced to cater specifically 
for the inspection and repair of coated ballast spaces in the 
wing and double bottom tanks of both tankers and bulk 
carriers. A number of shipowners have contracted Lloyd’s 
Register to apply the system to ships currently building or 
recently completed. It is envisaged that the system will 
increase in use in the years ahead and contribute greatly to 
the practical management of survey information for 
individual ships and their subsequent maintenance. In 
addition a unique database of information regarding the 
performance of ship hulls will be created which will assist 
Lloyd’s Register in the enhancement and formation of Class 
Rules for the construction and safe operation of ships in the 
future. 
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1. INTRODUCTION 


Persistent low freight rates in many sectors of the shipping 
market can make continued operation of older tonnage more 
economic than investing in new tonnage. The ability, however, 
of a shipowner to continue operation of or extend the life of 
an older ship can be significantly influenced by the extent of 
maintenance undertaken during the early life of the ship. It is 
normally the case that investing in the maintenance and repair 
a ship throughout its life is more cost effective than allowing 
the ship hull to deteriorate to the extent that scrapping and 
investing in newbuildings is required. In spite of this 
economic incentive there is no universal ‘right’ way for a 
shipowner to inspect and maintain his ship. This is primarily 
because the deterioration of the hull is influenced by a number 
of factors such as the ship type, design features, quality of 
construction, cargoes carried, the routes on which it operates 
and even the shipowner’s strategy in terms of the duration of 
ownership of the ship (Ref. 1). 

In recent years Lloyd’s Register (LR) has developed a 
PC based Hull Condition Monitoring System (LRHCM) 
which has recently been incorporated as a part of ShipRight 
(Ref. 2). The LRHCM system is a voluntary procedure for use 
by a shipowner while a ship is in service. The system also has 
the benefit of assisting a shipowner of fulfilling part of the 
Classification obligation in recording the condition of the hull 
as required by the Enhanced Survey. LRHCM allows for the 
planning, documentation and analysis of hull surveys in 
terms of thickness measurements, coating inspections and 
fractures. 

This paper describes the developments which have been 
undertaken by LR together with planned and potential future 
development. Section 2 discusses some of the background 
issues which have led to the development of the system and 
discusses how the features, style and capabilities of the system 
influence both the potential market and its users. Section 3 
describes the system which has been developed for modelling 
a ship and for planning and documenting hull surveys when 
the ship is in operation. The capabilities and features which 
are available to assist in the planning of a survey are discussed 
in Section 4 together with a description of the inspection forms 
which can be generated. Sections 5 to 8 discuss in turn the 
capabilities of the system for documenting coatings, fractures, 
thickness measurements and other defects. The generation of 
a repair specification and documentation of completed repairs 
is addressed in Section 9. The provision of hull summaries and 
trend analyses is described in Section 10 and finally Section 
11 considers related, planned and potential developments. 

Appendix I gives more detailed information on the 
modelling conventions for LRHCM and Appendices II-IV 
describe the current Class requirements for the planning and 
documentation of hull surveys together with the survey 
extent. The LRHCM system has been developed to 
complement and assist in the operation of the existing Class 
surveying requirements. 


2. BACKGROUND 


2.1 Surveying, Maintenance and Repair Strategies 


The main purpose of a Classification survey is to ensure the 
structural integrity of the hull, not only at the time of a Special 
Survey, but during the next five years of operation (Ref. 3). 
The procedure allows shipowners a degree of flexibility in 
inspection and repair strategies for the hull if minimum 
standards in terms of coating integrity, general corrosion and 
repair of other hull defects are satisfied. The annual and 
intermediate surveys aim to identify any accelerated 
corrosion or fatigue cracking if such defects occur between 
Special Surveys. The extent of the Special Survey increases for 
all ships as they age and is more onerous for certain ship types 
such as tankers and bulk carriers which have been subject to 
an ‘Enhanced Special Survey’ since July 1993 (Ref. 4). 

A number of design features in recent years have 
influenced the deterioration and subsequent inspection and 
maintenance requirements of some ships, most notably oil 
tankers and bulk carriers. The increased ability to optimise 
scantlings in the early eighties together with an increased use 
of higher tensile steel resulted in lighter scantlings. Partly as 
a result of this the allowable corrosion margin has recently 
been reduced by most [ACS member societies. Some ships 
which extensively used higher tensile steel experienced 
instances of fatigue cracking which has generally been 
resolved through improved detailed design (Ref. 5). There 
has also been a move in recent years for shipowners to seek 
to reduce the amount of higher tensile steel used in 
newbuildings and in some cases to enhance the scantlings 
beyond the Class minimum in critical areas. Certain ship 
types, most notably oil tankers, have seen major changes in 
design which have had an implication on the inspection and 
maintenance strategies. The introduction of segregated 
ballast tanks in the eighties led to an increase in the capacity 
and hence the surface area of ballast spaces and this has 
recently increased further with the introduction of double 
hull tankers which have narrow confined wing and double 
bottom ballast tanks. It is now an IACS Unified Requirement 
(Ref. 6) that all salt water ballast tanks are coated and many 
new ships have significantly larger areas of protective coating 
than older ships. 

The need to construct local details such as connections to 
high tolerance levels has been recognised for many years. For 
example, the misalignment of connections can increase the 
risk of fatigue damage occurring in the early service life of 
the ship and inadequate welding can lead to stress induced 
corrosion of the weld and possibly to the associated plate or 
stiffener. Areas of high stress can often be identified by 
damage to applied coatings. The quality of coating application 
is becoming of increasing concern to shipowners and problems 
may arise either due to inadequate surface preparation or poor 
control of air humidity or cleanliness. 

The cargoes carried by some ships can lead to rapid 
deterioration of the hull. Some oil tankers carry cargoes with 
a high sulphur content and can experience accelerated 
corrosion. Older bulk carriers which may switch from clean 
grain cargoes to dirty ore and coal cargoes may also experience 
such difficulties. The high sulphur content in some coal 
cargoes may lead to accelerated corrosion on the frames and 
increase the risk of cracking in the side shell. These problems 
may in some cases be amplified by physical damage due to 
grabs and pneumatic hammers which are used during the 
discharge of the cargo (Ref. 7). 

Some ships have experienced defects which have been 
partly attributed to the service on which the ship is operating 
on a regular basis. A notable example of this is the fatigue 
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cracking which was experienced by tankers operating on the 
TAPS trade between the west coast of America and Alaska 
(Ref. 8). These vessels were subject to severe weather from a 
predominant direction when operating in the ballast 
condition with no prospect of changing course to avoid long 
swells on the beam. 

For these reasons the ship’s hull may deteriorate differently 
according to its type, service history, design features and 
quality of construction. Hence different maintenance 
strategies are appropriate for different shipowners and even 
for different ships within a particular fleet. Inspection and 
maintenance of some ships, particularly of tankers and bulk 
carriers, presents some common difficulties such as access 
problems and the documentation and evaluation of survey 
information. 

Anumber of developments have taken place in recent years 
which offer improved temporary or permanent access. These 
measures include the use of cherry pickers or temporary 
folding ladders to provide close-up access to the structure in 
cargo holds of bulk carriers. Rafting has been a common 
practice in older tankers for a number of years and recently 
some specialised inspection companies have used rope 
climbing techniques developed in the offshore industry, for 
both thickness measurements and close-up surveys. New 
double hull VLCCs now require permanent built in access 
arrangements such as the provision of inclined ladders and 
walkways on longitudinal bulkheads in the form of extended 
stiffeners (Ref. 9). 

These improvements in access facilities have not generally 
been matched by radical changes in the manner in which the 
condition of the ship’s hull is inspected and documented. 
Some attempts have been made to use data logging 
techniques when taking thickness measurements but the 
prospect of notebook computers being used as a normal 
practice seems remote due to access difficulties and other 
factors such as the lack of cleanliness of tanks, risk of 
damage to equipment and the need for intrinsically safe 
equipment for oil tankers. The use of digital photography is 
however increasing although safety issues together with the 
need to provide adequate lighting are factors which need 
to be considered. Another factor which influences the 
development of new surveying techniques by specialised 
inspection companies is that there is little scope to offset the 
cost of new technology with a reduction in labour costs since 
safety requirements dictate that a minimum of two persons 
must be used when examining most of the internal spaces of 
tankers and bulk carriers. 

In recent years a number of computer based hull inspection 
programs have been developed to allow for the documen- 
tation of hull inspection data. All of these systems share a 
common feature of utilising a graphical representation of the 
ship’s hull to assist in the planning, documentation and 
evaluation of inspection and survey results. Some of the first 
systems which were developed include Chevron’s CATSIR 
program (Ref. 10) for application to oil tankers and HFDB 
(Ref. 11) which was developed to document fractures which 
occurred on the TAPS tankers. 

In recent years Lloyd’s Register has developed a PC based 
Hull Condition Monitoring system (LRHCM) (Ref. 12-13), 
which is the subject of this paper. The LRHCM system has 
been developed to assist in the planning and documentation 
of hull inspections in terms of thickness measurements, 
coating condition and fractures. The system has recently been 
extended to include the ability to provide a repair schedule 
for these inspection items and the documentation of repairs 
undertaken (Ref. 14). The system allows all surveys to be 
documented, both Class and non-Class, throughout the life of 
the ship. 


The LRHCM system has been incorporated as a ShipRight 
procedure together with some of the other procedures which 
take account of other factors that influence the maintenance 
of a ship (Ref. 2). These include the ‘Enhanced Scantling’ and 
‘Construction Monitoring’ procedures in addition to the 
structural and fatigue design assessment procedures (SDA 
and FDA). The influence that these have on ship safety and 
maintenance have been discussed in Ref. 15. 

LRHCM is currently a voluntary procedure which can be 
applied to any ship either from the time of its construction or, 
in later years, while in service. In order to apply the system a 
detailed geometric model of each ship is required. Application 
of the system to sister ships requires minimal effort unless 
significant changes in geometry or to the scantlings are 
introduced. For newbuildings the system provides an 
immediate benefit to a shipowner by allowing the planning 
and documentation of coatings to be monitored together with 
an ability to produce a repair specification. These features are 
a major benefit to shipowners of tankers and bulk carriers. 

While it is possible to apply the system to an existing ship, 
it is recognised that the cost effectiveness of this will depend 
on the ship’s anticipated or planned life expectancy and 
whether the ship may be sold in the near future. The 
ownership of sister ships will also influence the cost 
effectiveness of applying the system to older ships. The ability 
to produce inspection forms and document the thickness 
measurements is a feature of LRHCM and it is planned to 
extend the system to include an ability to produce a repair 
specification for steel renewals. Due to the extensive thickness 
measurements required, application of the system to a ship 
before the second Special survey will provide a major benefit 
to a shipowner and also allow for continued monitoring 
during the inspection and repair of the ship for the remainder 
of its life. The information documented by the LRHCM system 
over a number of years will also provide LR with an increased 
capability to develop and maintain the Class Rules and Survey 
Requirements for ships in service and under construction. 


2.2 Potential Users 


In developing a PC based survey reporting system it is 
recognised that a number of features can be incorporated into 
the system which will influence the market for applying the 
system. The actual style of the program will also have a major 
impact on the immediate and long term use of the system. It 
is important to take account of the fact that the system is 
designed to provide a service to superintendents and 
inspection personnel to assist in the operation of an individual 
ship while in service. This dictates that the program style 
needs to be different to a design tool which is used only at the 
design stage in the life of the ship by personnel who are 
probably conversant with operating a variety of computer 
systems. In many cases the personnel operating the LRHCM 
system may not be computer literate and may in fact be 
reluctant or even biased against using such a system. If the 
system is not attractive to the personnel and does not prove 
to be cost effective in terms of time and the benefits offered, 
the option is available to continue with existing practices to 
inspect and document the condition of the ship. 

It is anticipated that the software will be used by either 
superintendents or ship’s crew who may have limited 
computer experience and it is important that the system is 
easy to use. It is therefore desirable to avoid basing the system 
on a package such as Autocad which requires a significant 
amount of training and regular usage to remain conversant 
with it. Use of such a system would also have licensing 
implications which is desirable to avoid. In some cases it is 
anticipated that the software will be used by many personnel 
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on an infrequent basis in association with surveys and 
inspections which may be held at six monthly, annual or even 
greater intervals. This dictates that it is desirable that the style 
of the system is such that it is easy to use on an infrequent 
basis with no continuous training and limited access to user 
manuals. Hence the design of the system needs to be such that 
the user is presented with a series of screens which have easy 
to understand choices and with a program design which 
minimises the number of options and paths through the 
system. 


2.3 Graphics and Ship Modelling Requirements 


In order to make a radical improvement to the procedure of 
planning and reporting the hull surveys it is desirable, in 
common with the other systems which have previously been 
developed (Refs. 10 & 11), that the system is graphics based 
such that the precise geometry and layout of each individual 
ship is represented. Alternative approaches using simplified 
schematic sketches have been evaluated but are considered to 
be of little value for general application in the long term since 
precise location of readings cannot be documented and hence 
the ability to generate repair specifications and to produce 
trend analyses will not be possible. Scanning of existing 
drawings into the system has been investigated but this 
approach has not been pursued since only limited drawings 
of the ship are normally available, the ability to control the 
detail of information on the drawings will be limited and the 
quality of original plans is often inadequate. The possibility 
of developing a non graphics based system has also been 
considered. However itis thought thatif sucha system utilises 
some form of ship model then any modelling function is best 
achieved graphically and undertaken for the whole ship at the 
time of build or when implementing the system for an existing 
ship. The option of modelling or coding parts of the ship at 
the time of each survey could be contemplated but would 
increase the cost and flexibility of operating the system, reduce 
the capability of the system to store all survey data in a 
consistent format and impose a more rigid planning scheme 
than is required, since only those parts of the ship modelled 
could be accessed at a particular survey. The quality assurance 
requirements which are necessary in conjunction with the ship 
model are best applied as the ship is modelled in its entirety. 


2.4 Potential Market for LRHCM System 


The modelling requirements which are necessary before the 
LRHCM system can be applied to a particular ship has an 
impact on its potential market. Clearly all LR Classed ships 
would benefit froma graphics based survey reporting system 
but the cost of preparing the ship model dictates that there is 
a specialised market for the system mainly for larger tankers 
and bulk carriers. The system is also, to some extent, more 
applicable to newbuildings but in some circumstances it is 
viable to apply the system to existing ships. In each case there 
is a clear reduction in modelling costs per ship if sister ships 
are constructed or operated by a shipowner. The benefits may 
not be as great for an existing sister ship since repairs and 
modifications will most likely differ and probably be of greater 
disparity in relation to the ship’s age. 

The benefits of using a system such as LRHCM for bulk 
carriers and tankers have become more apparent since the 
introduction of the Enhanced Special survey for these vessels 
in July 1993 (Ref. 4) which increased the scope of the survey 
and was introduced partly out of concern for the safety and 
increasing age of some of these ships. The LRHCM system 
was already under development before the introduction of the 
Enhanced survey but the system was modified in order to 


cater for the new planning and reporting requirements of the 
Enhanced Survey (Ref. 13). The introduction of double hull 
tankers has also resulted in further enhancements to the 
system (Ref. 14) to cater for the inspection requirements of the 
coated ballast spaces which have increased considerably in 
terms of surface area. 

The benefits and market of the system can be given 
according to the age of a particular ship. For tankers and bulk 
carriers the following benefits apply: 


¢ for newbuildings, the ship can be modelled during 
construction and an immediate benefit is provided to 
assist in the inspection and documentation of all coated 
ballast and cargo spaces. 


e for ships in service, which are less than 10 years old, 
application of the system before the second Special survey 
will give a major benefit in terms of planning and 
documenting the results of the overall and close-up 
surveys together with the thickness measurements and 
the provision of a repair specification and documentation 
of any coating and steel renewals. 


¢ for ships greater than 10 years old, the above benefits will 
also apply but the potential life and/or planned 
ownership of the ship and any sister ships will have an 
important influence on its cost effectiveness. 


2.5 Influence of Program Style and Capabilities 


As discussed in the three previous sections the design of the 
program together with the capabilities and style of the system 
need to be influenced by a number of factors relating to the 
potential users, the requirements of modelling an individual 
ship and generation of drawings of all parts of the ship’s 
structure. In addition the potential market also has some 
influence on these considerations. These aspects have been 
discussed and agreed upon in a working group during the 
early part of the system’s development and involved five 
shipowners: Amoco, A.P. Moller, British Petroleum, Maritime 
Overseas Corporation and Shell International Trading. More 
recently discussions have also taken place with B.H.P. with 
respect to applying the system to bulk carriers as part of a 
more extensive research program on structural monitoring. 
Through discussions within Lloyd’s Register and through the 
dialogue with the shipowners, some of the most important 
factors which need to be taken into account when designing 
the system are: 


¢ there are varying inspection and survey requirements for 
different ship’s according to type, age and shipowner’s 
maintenance strategies; 


¢ the system needs to accommodate any future improve- 
ments to temporary and permanent access facilities for 
both existing ships and newbuildings; 


* operation of the system needs to be compatible with any 
existing or new techniques which are developed for 
automatically logging and recording the hull condition; 


e the adoption of a coding convention needs to take into 
account those already existing on the ship’s plans which 
may vary according to individual shipowners and 
shipyards; 


* any computer system must prove itself to be beneficial 
and cost effective and provide a clear advantage to the 
shipowner. 


Another important consideration is the need for the system 
to evolve, and even to change radically, in response to changes 
in either Classification survey requirements or through the 
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introduction of new ship types. 

The development of the existing system has seen two such 
significant changes. First the introduction of the Enhanced 
Special survey in 1993 resulted in the system being modified 
to introduce new capabilities (Ref. 13) to allow for the survey 
planning requirements and to document the information 
required for the ‘Executive Hull Summary’. The mandatory 
introduction by IMO of double hull tankers has recently led 
toa further significant modification to the system to allow for 
simplified documentation of the coating condition in the wing 
and double bottom ballast spaces (Ref. 14). For the foreseeable 
future it is not anticipated that any further major 
developments to the system will be needed arising from 
significant changes in either surveying practices or through 
the introduction of new ship types. However the system will 
need to continue to respond and be adapted to any future 
changes in surveying practices and future user demands to 
simplify and improve the system in response to changes in 
hardware and software capabilities. 


Figure 1 Ship Modelling Procedure for LRHCM 


3. DESCRIPTION OF LRHCM SYSTEM 


3.1 Overview 


The LRHCM system involves two stages as outlined in Figure 
1. The first stage involves the development of a geometric 
model of the ship based on the final approved as-built plans. 
This task is currently undertaken by LR on behalf of the 
shipowner but could involve the shipbuilder as capabilities 
are developed to generate the ship model from CAD/CAM 
files. The second stage of the system involves the use of the 
LRHCM program by shipowners to plan and document hull 
inspections throughout the life of the ship. The ship model is 
updated as necessary by the LRHCM program to reflect any 
repairs undertaken. If extensive modifications were 
undertaken during the life of the ship it is possible that LR 
could update the ship model using the LRHCM ship modeller. 
The modelling procedure and LRHCM program is described 
in detail in the subsequent sections. 


3.2 Ship Modelling Procedure 


A detailed geometric model is required in order for LRHCM 
to be applied to an individual ship. A three-dimensional 
model of the hull is produced giving the geometry of each 
tank and all surfaces bounding or internal to a tank. ‘U’ or ‘L’ 
shaped tanks need to be subdivided into two or more spaces 
with a prismatic shape. Tanks with a triangular cross section, 
such as the hopper ballast tanks in bulk carriers, can also be 
modelled. For each surface all individual plates, stiffeners and 
face-plates are modelled together with cutouts on the web 
plating of frames and girders. Currently, small details such as 
tripping brackets and cutouts for stiffeners are not modelled 
but these could be included in future versions by building up 
a library of local details. The original and Rule thickness of 
each plate, stiffener and face-plate is also input together with 
the steel grade. A code is specified as part of the modelling 
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process for the identification of individual tanks, surfaces and 
each plate, stiffener and face-plate and as_ previously 
mentioned any codes which already exist on the ship’s plans 
are maintained so that drawings generated by LRHCM are 
consistent with the plans. This includes information such as 
shell strake identification letters, and longitudinal stiffener 
and horizontal girder identification numbers. It is desirable 
that the naming convention of surfaces follows that 
recommended by the Tanker Structural Co-operative Forum 
(Ref. 16) and where possible similar conventions are adopted 
for other ship types such as bulk carriers. The modelling 
convention is described in greater detail in Appendix I. 

Currently, the most common method for developing the 
geometric model of the ship is from the ship’s plans using the 
AutoCAD HCM Ship Modeller which Lloyd’s Register has 
developed. For new or recent builds it is possible that the ship 
builder could supply the geometric data in a suitable format, 
such as in AutoCAD files produced for the design and 
construction of the ship. This still involves the use of the ship 
modeller to generate codes and identify individual spaces and 
drawings. The data generated by the ship modeller is stored 
in an HCM Exchange File which is based on the STEP format 
(Ref. 2). The ability to generate the HCM Exchange File direct 
from a shipbuilder’s CAD/CAM system is feasible in many 
cases but at present it is unlikely that they will invest in such 
a development. There is the possibility that existing scantling 
generation systems within Lloyd’s Register could be 
enhanced to generate an exchange file so that shipbuilders 
will be able to generate the exchange file automatically. 

The task of representing a ship should normally be 
undertaken during the later stages of construction to ensure 
that any design changes are taken into account. The ship 
representation needs to be consistent with the final as-built 
drawings. Where sister ships are constructed the ship 
representation procedure does not need to be repeated except 
that any modifications need to be taken into account to ensure 
compatibility with the as-built ship. 


3.3 LRHCM Graphics Features 


The three-dimensional ship model, which is stored in the 
HCM Exchange File, is currently reduced by a conversion 
program to a series of two-dimensional ‘drawings’ for use in 
the Hull Condition Monitoring program. The drawing names 
are not fixed but recommended names are shown in Figures 
2 and 3 for oil tankers and bulk carriers respectively. Figure 4 
shows recommended space codes for these ship types. On the 
external hull separate ‘drawings’ are generated for the deck, 
side-shell (port and starboard) and bottom. Any deck 
girders can also be modelled as separate drawings including 
hatch covers and coamings. Internally, separate ‘drawings’ 
are generated for each watertight or swash bulkhead 
(longitudinal and transverse), inner bottom, transverse 
frames, longitudinal girders, horizontal girders and 
transverse stringers. As previously discussed, for data 
gathering and hard copy purposes a_ two-dimensional 
drawing is desirable for use in the LRHCM system which 
avoids any stiffeners or transverse webs or girders obscuring 
other surfaces. The use of different line types as shownin Table 
1 helps to identify different out of plane surfaces. Figure 5 
shows the three-dimensional section between a transverse 
bulkhead and an adjacent frame as generated by the HCM 
AutoCad modeller. The corresponding two-dimensional 
drawings which are produced by LRHCM are shown in 
Figures 6 and 7 and the position of all plates, stiffeners and 
face-plates together with out-of plane stringers, girders and 
longitudinal stiffeners are clearly shown. 


The geometric data is stored by the system in such a way 


that a number of different geometric views of the ship, each 
space and each surface can be displayed according to the 
application being undertaken. The following ‘views’ can be 
generated at various stages in the system: 


Deck or Bottom Profile 


A deck or bottom profile of the ship showing the tank 
arrangement, as illustrated in Figure 8 for a double hull 
tanker. Shading or colour is used to show which tanks are 
coated. This drawing and a similar one showing the tank 
profiles on the bottom plating are used within the system 
to allow a user to select a tank. No graphical facility 
currently exists to select a small space which does not 
either have a deck or bottom surface as one of its 
boundaries. Such spaces are currently selected from a 
tabular listing of all spaces outside of the cargo region and 
for bulk carriers from a further list of the stool spaces. The 
use of a three-dimensional model in future versions of 
LRHCM willimprove the selection procedure of these and 
all other spaces. 


Expanded Drawing of a Tank 


An expanded drawing of a tank can be displayed showing 
the six bounding surfaces folded out. This is illustrated in 
Figure 9 for a ballast tank of an older tanker and can be used 
to document inspections such as the coating condition and 
to show the summary of all inspection and repair items. 
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Figure 2 ‘Drawing’ code naming convention for oil tankers 
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Figure 3 ‘Drawing’ code naming convention for bulk carriers 
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Figure 4 ‘Space’ code naming convention for oil tankers and bulk carriers 


a Table 1 - Line Style Convention for Identifying Structures on Drawings 
| 


Line Style Structure In/Out of Plane 


Seams and butts of plating In 


Stiffeners 


Face-plates on web frames and girders 


Water-tight bulkheads 


Transverse frames and wash bulkheads 


Girders and stringers 


Cross-section of stiffeners 
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Figure 5 Three Dimensional View of Model Generated with HCM Ship Modeller 
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Figure 6 View of Transverse Bulkhead in LRHCM 
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Figure 7 View of Transverse Frame in LRHCM 
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Figure 8 Deck Profile Showing Tank Arrangement for Double Hull Tanker 
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Figure 9 ‘Expanded’ Tank Drawing of Ballast Space in an older Tanker 
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Figure 10 Transverse Frame ‘Surface’ View in Wing Ballast Tank of Double Hull Tanker 
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e Expanded Drawing of a Sub-Space 


A narrow wing or double bottom ballast tank in a double 
hull tanker, bulk carrier or chemical tanker is further 
subdivided into sub-spaces defined as the space bounded 
by adjacent frames and girders. An expanded drawing of 
a sub-space can be generated to either assist during the 
inspection or to show the results of inspections and 
repairs. This feature is currently limited to coating inspec- 
tions and the documentation of fractures but will be 
extended to other inspection items as necessary. 


¢ Drawing of a Selected Surface over its Extent within the 
Ship 


The ship is modelled as a series of ‘drawings’ whichextend 
for the entire extent within the ship as illustrated in 
Figures 6 and 7. Except for the external hull these drawings 
cannot be used during the planning and data-entry stage 
but can be displayed to combine the results of inspections 
in a number of different tanks. 


¢ Drawing of a Selected Surface within a Tank 


Each ‘drawing’ encompasses more than one tank and a 
view within a single tank is referred to as a ‘surface’. 
Figure 10 shows a drawing of the transverse frame in the 
wing ballast tank from the ‘drawing’ of Figure 7. 


e ‘Enlarged Area’ from a Selected Drawing 


Any part of a ‘surface’ or ‘drawing’ which is displayed in 
the system can be viewed using a ‘zoom’ feature which 
can either preserve scaling or expand the selected area to 
fill the entire drawing space on the screen. This is 
illustrated in Figure 10 for the web of the frame above 
horizontal girder number 1. 


3.4 Design of LRHCM Program 


An important objective of the system is to store the results of 
all hullinspections and surveys during the life of anindividual 
ship. This allows access to previous survey results at the time 
of a new survey and as the ships age provides the ability to 
show trends for either an individual ship, sister ships or for a 
ship type. This dictates that all data in the system should be 
stored for an individual ship for each survey. This includes all 
periodical and non-periodical surveys and all inspections 
undertaken by shipowners outside of Class. The survey is 
uniquely identified by the survey type as listed in Table 2 
together with the date of the survey which, where relevant, is 
the ‘Class due survey date’. 

Each survey is divided into ‘Survey levels’ which may 


Table 2 - Permitted Survey Names 


Special |, Il, Ill, IV, V 
Annual 
Intermediate 


Docking 
Damage 
Owner 
Repair 


allow for the inspection of one or more survey items as follows: 


¢ ‘Overall Survey’ to record the overall condition of each 
space for a Special survey; 


¢ ‘General Examination’ to record the overall condition of 
selected spaces for any non-Special survey; 


¢ ‘Close-up Survey’ to record the condition of coatings, 
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pitting, anodes, fractures and other damages in any space 
or on the external hull; 


e ‘Thickness Measurements’ to record thickness measure- 
ments in any space or on the external hull; 


¢ ‘Repairs’ to record any coating and steel renewals or other 
repairs in any space or on the external hull. 


These survey levels are applied to all surveys even though 
they may not formally be a part of a particular survey. For 
example, a shipowner’s survey may only involve the re- 
inspection of the coatings in selected ballast tanks. This 
however is associated in the system with the survey level of 
‘Close-Up’ for an ‘Owner’ survey since a ‘Close-up’ survey 
includes the examination of coatings, fractures, anodes, 
pitting and any other damages. 

For each survey, drawings of selected ship structure are 
required to allow a number of tasks to be undertaken. These 
include: 


¢ print out of ‘blank’ drawings to use in the documentation 
of surveys; 


¢ planning and print out of a drawing indicating the 
location of required thickness measurements; 


¢ input of survey results into the system; 
¢ planning and print out of detailed location of repairs; 


¢ display and print out of survey results and repairs planned 
or completed. 


The system is designed to allow the planning and 
documentation of surveys to be undertaken consistent with 
the manner in which the actual ship can be inspected, namely 
for individual surfaces within a selected internal tank or the 
external hull (including any deck girders or hatch covers and 
coamings). Where relevant an ‘expanded’ view of any tank 
can also be generated showing a folded out drawing of the six 
bounding surfaces. Following the input of inspection data all 
individual surfaces, for example a longitudinal bulkhead, can 
be viewed ‘globally’ over its full extent within the ship. This 
allows survey results for different tanks to be viewed together. 
Use is also made of tables for planning, collection and input 
of data and also for display of results as appropriate. The 
capabilities which have been introduced for each survey item 
are discussed more fully in Sections 4 - 9. 


3.5 Management of Information on Drawings 


Another important consideration which has been made in 
designing the system relates to the management of results by 
the user on a particular screen display. The drawing of an 
individual surface on the computer screen is essentially a 
computerised version of the traditional plans which are 
produced for a shipowner and also supplied as ‘as-built’ 
drawings to Lloyd’s Register by the shipbuilder. The need to 
preserve any existing codes for individual plates and other 
structures such as stiffeners and girders has already been 
identified and it has also been considered desirable that the 
system should display and print out drawings which are 
consistent with the traditional style of a ship’s plan. All 
drawings are two-dimensional and if a surface has curvature 
then a projection is shown but the system could be enhanced 
to allow an expansion of the bottom and side-shell to be 
displayed. This is not considered to be necessary for internal 
surfaces such as sloping hopper plating where a projection 
can actually be beneficial since any longitudinal stiffening is 
visually spaced closer than on adjacent vertical surfaces and 
hence the sloping plate can more readily be identified. 

The seams and butts of all plating are shown on the 


drawing together with any stiffening in the plane of the 
drawing and any face-plates on frames or girders. The 
drawing also shows any out of plane surfaces or stiffeners 
which intersect the surface being displayed and, as shown in 
Table 1, a different line type is used for each different type of 
structure on the drawing. The resultant drawings can easily 
be used in situ to identify and mark the position of thickness 
measurements, coating areas and other defects in a tank. The 
drawing also has sufficient information to assist in 
identifying which parts of a surface can easily be accessed 
without staging, or other means, by showing the position of 
horizontal stringers and girders and any extended 
longitudinal stiffeners which serve as walkways. Each 
surface can be viewed from both sides and any stringers or 
girders which are present are only shown on the actual side 
they exist. On the other hand the position of internal 
bulkheads and frames are shown on an external view of the 
hull to assist in identifying the longitudinal position of a 
particular plate and also the internal tank. 

The out of plane structures on a drawing are referred to as 
‘reference’ items since they assist in identifying where a 
particular plate, face-plate or stiffener is located for which 
survey results are to be documented. The system allows the 
user to control whether these structures are displayed in order 
to manage the amount of detail on a particular selected 
drawing. This is also important when displaying numerical 
information on the drawing and the user has the ability to 
display or remove such information. A ‘zoom’ facility is 
provided to allow a user to define and view an enlarged part 
of a selected drawing on the screen and clearly the amount of 
detail which can be shown is related to the physical area 
selected and the quantity of survey results present. 
Management of the structural details and survey results on 
an individual drawing displayed by a user is an important 
feature of the system and contributes greatly to the practicality 
of using the system in a surveying environment. 

Each drawing displayed uses colour to show information 
relating to either the as-built condition of the structure or the 
results of surveys. This is used to display steel grades, 
percentage diminution levels and coating condition. Limited 


Table 3 - Colour and Monochrome Shading Conventions 


IACS Coating 
Category 


Corrosion 
(% Margin) 


Colour Monochrome 


+ 


No readings | No coatings 


0-50 Not inspected 
a ee 


‘Good’ 


Fair’ 


SS > ‘Poor’ 
O 


WS 


KOKO Barak 
arerererete are? 


colour is also used in displaying the repair status of fractures. 
It has been recognised that each colour drawing also needs to 
be printable as a monochrome equivalent using shading 
instead of colour. Such shading needs to be chosen to provide 
a contrast to the human eye and to allow easy identification 
of suspect areas. Fortunately the number of categories which 
need to be used in documenting thickness measurements and 
coatings are few and Table 3 shows the colours and associated 
monochrome shadings which are used. While colour plotters 
are now relatively inexpensive it is anticipated that the 
provision of monochrome drawings will continue to be an 
important feature of the system due to the slow speed and 
impracticality of generating colour plots in a surveying 
environment. The use of monochrome drawings is more 
practical in the actual tank to document results and also to 
allow for facsimile communications between ship or port 
offices and headquarters during the survey. 


3.6 Program Outline 


Figure 11 shows an outline of the LRHCM system which has 
evolved and been simplified during the  software’s 
development in response to changes in requirements, 
particularly for the Enhanced survey and coating inspections 
of double hull tankers. Changes have also taken place in 
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Figure 11 Summary of Main Features of LRHCM System 
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response to an evaluation of the system both in-house and by 
shipowners, particularly Shell International Trading who, 
together with Lloyd’s Register and a thickness measurement 
company, undertook an extensive trial and evaluation of the 
system on a new double hull tanker in May 1995 (Ref. 17). The 
thickness measurement company also used the LRHCM 
system to generate the inspection report (Ref. 18). A brief 
summary of the requirements of each option is given in the 
following Sections. 


3.6.1 ‘SELECT-SHIP’ 


This allows the user to select a ship for which a geometric 
model has been prepared for the LRHCM system. The ship is 
identified by name, LR number and date of build. The list of 
ships displayed are limited to those for which the user has 
authorised access as follows: 


¢ on board ship: a single ship will be available for use by 
either crew, shipowner’s superintendents or represen- 
tatives and Lloyd’s Register Surveyors; 


¢ ata shipowner’s headquarters: all ships modelled for an 
individual owner; 


¢ athickness measurement or inspection company may gain 
access, with Lloyd’s Register’s and a_ shipowner’s 
approval, to one or more ships for use on behalf of a 
shipowner to undertake part or all of a survey; 


¢ aLloyd’s Register outport office will have access to data 
for all ships on which Class surveys are to be undertaken 
in the near future or on a regular basis; 


¢ Lloyd’s Register’s Headquarters will have access to all 
ships for which LRHCM has been applied and will 
maintain a master copy of all geometric models and 
survey data. 


3.6.2 ‘SELECT-SURVEY’ 


At this stage the user can either select the latest survey which 
has been created in the system, a survey from the list of all 
previous surveys or create a new survey from those listed in 
Table 2. The periodical Class survey which is next due is listed 
first together with the other non-periodical survey types. A 
survey can be created retrospectively so that if a ship which 
is currently in service is modelled, any surveys or inspections 
already completed can be entered into the system. 


3.6.3 “VIEW’ 


This allows the user to display and print any available results 
for the selected survey in either tabular or graphical format 
as appropriate. This is achieved through four further options: 


‘Hull Summary’ allows tables to be generated giving 
summaries of tanks and surfaces inspected, together with 
details of areas which have serious defects in terms of 
plates or stiffeners with ‘substantial corrosion’, areas 
which have ‘poor’ coating and the location of fractures 
and other damages. 


‘Overall’ or ‘General Examination’ displays a table showing 
the results of an ‘Overall’ survey as part of a Special survey 
or a ‘General Examination’ as part of any other Class or 
non-Class survey. 


‘Close-up/Thickness-Measurement/Repairs’ allows the user 
to display drawings showing the results of any thickness 
measurements, close-up surveys and repairs. The close- 
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up survey includes any results for coatings, fractures and 
other damages. Any tables which are associated with the 
drawings can also be viewed and printed. 


Results can be viewed for a selected tank either as an 
expanded drawing or for selected surfaces within the tank. 
Where coating inspections have been documented using a 
sub-space approach these can also be viewed in this format. 
Surfaces on the external hull can also be viewed and any 
internal surface can be viewed in its entirety showing the 
results of inspections in different spaces. 

For a selected view the system automatically determines 
which survey results and repair items have been documented 
and the user selects the initial survey item to be displayed. A 
menu option on the display allows any other available results 
to be displayed before the user either selects another ‘View’ 
option or ends the ‘View’ option. The list of survey items also 
includes the display of the as-built scantlings of the structure 
and the areas which are coated. 


‘Trend Analysis’ will allow the user to show trends for an 
individual ship for corrosion rates, coating defects, the 
distribution of fractures and the history of repairs. 


3.6.4 ‘GENERAL-PLAN’ 


This allows a user to generate a plan for the tanks and surfaces 
to be inspected or repaired for any Class or non-Class survey. 
The format is consistent with Lloyd’s Register’s guidance for 
producing a planning document for an ‘Enhanced Special 
survey’ (Ref. 19). The information which is printed out can be 
used by a shipowner as part of a planning document. The 
‘General-Plan’ option is further sub-divided into three main 
options as follows: 


‘Overall’ or ‘General Examination’ allows a user to define 
the dates and location of the survey together with details 
such as thickness measurement company and access 
arrangements as recommended by LR (see Appendix II.1). 


‘Close-Up/Thickness-Measurements’ allows the user to 
specify tanks and surfaces which are to be inspected as 
part of the thickness measurements or close-up survey. 
There is complete flexibility for tanks and surfaces to be 
associated with either one or both of the thickness 
measurements or close-up survey. The ‘external hull’ can 
also be identified as an area to be surveyed and individual 
surfaces identified together with any external girders or 
hatch coamings and hatch covers. For thickness 
measurements the location of transverse sections which 
are to be gauged as part of a Special or other survey can 
also be identified. The minimum planning requirement 
within LRHCM for thickness measurements and close-up 
surveys is the specification of the tanks to be examined. 
The identification of individual surfaces is not essential in 
order for inspection forms to be generated and data to be 
entered into the system. 


‘Repairs’ allows the user to specify the tanks, including the 
external hull, which are to be repaired together with the 
types of repair to be undertaken. This is currently limited 
to coating renewals but will be extended to steel renewals 
and could include other repairs such as the use of doublers 
and renewal of anodes. 


3.6.5 ‘DETAILED-PLAN’ 


This option allows the user to undertake the following two 
tasks: 


‘Gauging-Pattern’ allows the user to identify interactively 
the required position of thickness measurements on a 
selected surface. The surfaces must be identified in 
‘General-Plan’. A monochrome drawing of the gauging 
pattern can be printed for use during the actual survey. 


‘Repair-Location’ allows the user to produce a detailed 
repair specification by defining on drawings the extent of 
repairs. A summary table can also be generated showing 
the spaces and surfaces to be repaired and the total surface 
area. The current version allows this to be undertaken for 
coating renewals but it is planned that this will be 
extended to include steel renewals. The tanks and 
renewal type need to be identified in the ‘General-Plan’ 
option in order for a detailed repair specification to be 
generated. 


3.6.6 ‘INSPECTION-FORMS’ 


The option allows blank tables and drawings to be produced 
by the user to assist in the documentation of the survey. The 
following options are available as follows: 


‘Overall’ or ‘General Examination’ allows the planning 
information for these survey items to be printed together 
with a table giving a list of spaces to be examined. The 
format is consistent with that specified by LR (see 
Appendix II.1). 


‘Close-up’ allows blank drawings of an expanded tank or 
individual surfaces or expanded sub-spaces within a tank 
to allow documentation of coatings and other defects such 
as fractures. Blank tables for the documentation of 
coatings and fractures can also be generated as required 
for any internal space or for the external hull. 


‘Thickness Measurements’ allows drawings of individual 
internal surfaces within a selected tank or an external 
surface to be generated to allow for the recording of 
thickness measurements. The location of any pre-defined 
readings are shown and the user can optionally display 
the original, Rule and renewal thickness if appropriate. A 
table of pre-planned thickness measurement locations can 
also be displayed if desired. 


‘Repairs’ allows a user to print out details of planned 
repairs for coating and steel renewals. This includes 
summary tables and detailed drawings giving the location 
and the surface area or steel weight. 


3.6.7 ‘DATA-ENTRY’ 


This allows the user to enter data and print out results for the 
following categories: 


‘Overall’ or ‘General Examination’ allows the results of an 
overall survey or general examination to be input in a 
tabular format. The spaces for which thickness 
measurements and a close-up survey are required can also 
be identified. 


‘Close-up’ allows the input of data for coating and fracture 
inspections. Tables and drawings are used as appropriate. 
The system will be enhanced to allow for the input of other 
defects such as pitting, anodes and other damages. 
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‘Thickness-Measurements’ allows the input of gaugings 
using either a tabular format or an interactive graphical 
input feature, which is usually the most common 
approach. 


‘Repairs’ allows the user to confirm or re-define the extent 
of repairs undertaken using both tabular and graphical 
features as appropriate. 


‘Correct-Scantlings’ allows a user to update if necessary the 
as-built scantlings for selected structures on the ship. A 
log is maintained of any changes to ensure that changes 
which are not approved cannot be made by unauthorised 
personnel. 


4. SURVEY PLANNING AND INSPECTION 
FORMS 


4.1 Planning Requirements for Surveys 


Most shipowners undertake some level of planning for all 
Class and non-Class surveys. The LRHCM system has been 
developed so that surveys can be planned in terms of defining 
spaces and surfaces to be examined. In addition the detailed 
location of thickness measurements and repairs can be 
identified prior to or during a survey. The LRHCM system 
will allow a shipowner to generate information which can be 
included as part of a planning document for all surveys and 
help to satisfy the minimum requirements for survey planning 
of an Enhanced Survey. The capabilities of LRHCM allow 
more detailed information to be generated than the Class 
minimum requirements. Some of the planning features can 
also be used during the conduct of the actual survey to 
maintain a record of spaces and surfaces being examined. 

With the introduction by IACS in July 1993 of the Enhanced 
Survey for oil tankers and bulk carriers it is now a requirement 
that a shipowner submits a planning document to Lloyd’s 
Register before the survey is undertaken. The recommended 
contents of this planning document are given in Reference 19 
and relevant extracts are given in Appendix II.1 of this paper. 
The planning document needs to contain the following 
information: 


e details of survey location, date, thickness measurement 
company and access arrangements; 


¢ a list of tanks and surfaces for which thickness measure- 
ments and close-up surveys are to be undertaken; 


¢ a drawing showing the tank arrangement over the cargo 
region and a table to allow the ‘Overall’ survey to be 
documented. 


The requirements for close-up survey and_ thickness 
measurements are specified by Lloyd’s Register for each 
Special and Intermediate survey and these increase in extent 
as the ship ages. The number of tanks and surfaces to be 
surveyed are also significantly greater for oil tankers and bulk 
carriers than for other ship types and these requirements are 
summarised in Appendix IL.2. 

It is a Class requirement that all spaces over the cargo 
region are examined during the Special survey as part of the 
‘Overall’ inspection. As described in Appendix II.1, this is to 
document the condition of any corrosion prevention systems 
such as coatings and anodes in the tank. The LRHCM system 
allows a similar inspection to be planned and documented as 
part of any other Class or non-Class survey but in this case 
the ‘survey level’ is referred to as a ‘General Examination’ and 
the user nominates which tanks are to be inspected. 

The planning document which a shipowner needs to 
prepare for Lloyd's Register identifies the tanks and surfaces 
on which thickness measurements need to be undertaken. A 
shipowner may also wish to prepare a more detailed 
specification for use by a thickness measurement company, 
which shows the positions on each surface at which thickness 
measurements are required. Lloyd’s Register requires that a 
minimum of two representative readings per plate are taken 
but some shipowners may choose to obtain more readings. 
For example, a common practice on the deck plating is to 
obtain four readings per plate by taking readings on each of 
the four plates near to the intersection of each seam and butt. 
In some instances a shipowner may wish to prepare a detailed 
specification based on a previous survey and instruct the 
personnel taking the readings to take additional readings 
where high and / or localised corrosion is evident. 
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Although there is no requirement to submit a formal 
planning document for other Class survey such as the annual 
and intermediate, there is still a need by the shipowner to 
identify the spaces and surfaces to be inspected together with 
the location of suspect areas which need to be re-examined 
due to ‘poor’ coatings or ‘substantial corrosion’ being found 
at the last Special survey. 

Even if no suspect areas are present a shipowner may 
choose to undertake additional inspections to the Class 
surveys to monitor the condition of coatings and to check for 
other defects such as fractures or buckling. The ability to print 
out the results of any previous inspection will obviously assist 
a shipowner in planning such inspections. 


4.2 LRHCM Planning Capabilities 


Although there are only formal planning requirements for the 
Enhanced Special survey it can be seen that all Class and non- 
Class surveys would benefit from a shipowner being able to 
plan and print out appropriate planning forms to document 
the tanks and surfaces to be inspected together with the 
detailed location, where appropriate, of thickness measure- 
ments and the results of previous surveys. The LRHCM 
system has been designed to have this capability for any 
survey or inspection which is undertaken. 

These planning requirements also raise another important 
consideration in relation to the design and subsequent user 
friendliness of the system. There are two extreme practices in 
relation to planning a survey. At one extreme the detailed 
location of thickness measurements are identified within 
LRHCM for selected tanks and surfaces prior to the survey 
but at the other extreme only the tanks are identified and the 
actual choice of surfaces and location of readings are left to 
the judgement of the Surveyor at the time of the inspection. 
Although the requirements of the Enhanced Special survey 
exclude the latter approach for a Special survey, such an 
approach may in fact be still acceptable, or even desirable for 
a shipowner’s inspection. Even where the Survey is formally 
planned for an Enhanced Special survey the ability to inspect 
other ‘unplanned’ surfaces within a tank is desirable and it is 
probable that even if the location of thickness measurements 
have been planned, then extra ‘unplanned’ readings will be 
taken during the survey. 

The desired flexibility to inspect surfaces and to take 
readings in addition to those planned has an impact on the 
capabilities and design of the LRHCM system. In earlier 
versions of the system, thickness measurements and close-up 
survey results could only be entered if the tank and surface 
had been identified using the ‘General-Plan’ option described 
in Section 3.6.4. Hence before data could be entered for 
‘unplanned’ surfaces the survey plan needed to be updated 
using this option. The system has now been modified to allow 
a more flexible approach so that the minimum planning 
requirements are identification of the tanks and specification 
of the ‘survey levels’ to be undertaken. Surfaces can be 
identified during the planning stage if desired and this is 
required for a Special survey and may be desirable for the re- 
examination of suspect areas based on previous surveys. If 
additional surfaces are examined during the survey these can 
now be identified during the data-entry option for the 
appropriate ‘survey level’ and the planning function is 
automatically undertaken by LRHCM. This flexibility also 
offers another major benefit for a ‘close-up’ survey which 
encompasses a coating inspection and/or examination of the 
tank for other defects. For coating inspections it is possible 
that the whole tank will be examined and the data-entry 
process can now automatically undertake the planning 
function and identify that each surface within the tank has 


been inspected. For other inspection items such as fractures 
only those surfaces which are found to have defects need to 
be identified at the data-entry stage. This avoids the need to 
identify which surfaces need to be inspected at the planning 
stage. 

Using the ‘General-Plan’ option described in Section 3.6.4 
a shipowner can satisfy the planning requirements of the 
Enhanced Survey and print out tables which can be 
incorporated into the planning document. Tables 4 and 5 show 
information which could be generated by a shipowner for the 
planning document showing the summary details relating to 
the location and date of the survey and a list of tanks and 
surfaces which are to be inspected as part of the close-up 
survey and for which thickness measurements are to be 
obtained. Similar information can be generated when 
planning repairs giving the spaces and surfaces to be repaired 
together with the repair type and details such as coating area 
and steel weight. This is described in more detail in Section 9. 


Table 4 - Overall Survey Plan 


1 Ship Particulars 


Ships Name: Tanker 

LR Number: 9999999 

Type of Ship: TANKER — PRE-MARPOL 
Date of Build: JUNE 1977 

Survey: SPECIAL II 

Due Date of Special Survey: 22/03/1987 
Cargo Carried: Crude Oil 


General Plan 


Date 

22/03/1987 
22/03/1987 
22/03/1987 


Thickness Measurement Company: Inspection 
Access for Close-up Survey: Temporary Staging 


Location 

Singapore 
Singapore 
Singapore 


Special Survey: 
Docking Survey: 
Thickness Measurements: 


Table 5 - Close-Up and Thickness Measurement Plan 


Ship: Tanker Date of Build: JUN 1977 
Survey: SPECIAL II Survey Date: 22/03/1987 
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4.3 Generation of Inspection and Repair Forms 


A major benefit of a shipowner using the LRHCM system is 
the ability to generate a drawing of any part of the ship to use 
to document the results of the survey. As previously 
discussed, although colour images are used on the screen, 
monochrome hard copies can be printed out and the detailed 
information on the drawings has been designed to assist in 
the inspection, for example through the use of different line 
types to identify different structure. 

As described in Section 3.3 the user can generate different 
views of the tank appropriate to the inspection requirements. 
Hence an expanded drawing of a tank can be generated as 
shown in Figure 9 to document the coatings of a ballast tank. 
Alternatively a drawing of a surface, or part of the surface 
with the ‘zoom’ feature of the system, can be generated for 
planning and documenting thickness measurements or other 
defects as illustrated in Figure 10. 

In addition to the monochrome drawings blank tables can 
also be printed out to assist in either the collection of data in 
the tanks or for completion from information in a Surveyor’s 
notebook prior to entering the data into the system. These 
tables are described in Sections 5 to 8 for each of the inspection 
items. Blank drawings and tables can be generated within 
LRHCM using the ‘Inspection-Forms’ option described in 
Section 3.6.6. If thickness measurement locations are to be pre- 
planned this is undertaken using the ‘Detailed-Plan’ option 
described in Section 3.6.5 and this is discussed in more detail 
in Section 7. Similar drawings and tables can be generated for 
repairs for use by the shipowner and if desired to be part of a 
repair specification for the repair yard. These features are 
described in Section 9. 


5. COATING INSPECTIONS 


5.1 Inspection Requirements 


During the late sixties and early seventies some of the major 
Classification Societies, including L loyd’s Register, intro- 
duced a ‘corrosion control’ allowance for ships which used 
protective coatings and sacrificial anode systems in ballast 
tanks. This allowed certain parts of the ship structure to be 
constructed with scantlings, typically about five percent for 
plating and ten percent for stiffeners, below the Rule 
requirements. The Class Notation associated with this 
required that the corrosion protection systems were inspected 
and maintained intact on an ongoing basis. As Rule scantlings 
have been optimised in the eighties, resulting generally in a 
reduction in scantlings, the application of a ‘corrosion control’ 
Notation has not been widely applied and has recently been 
discontinued for newbuildings. 

The reduction in design scantlings has also been partly due 
to the lower beam to draught ratio of the newer designs which 
have evolved through the introduction of the requirements 
for segregated ballast tanks in the early eighties. These 
requirements have led to an increased use of coatings to 
protect the ballast spaces which have seen a considerable 
increase in surface area. The use of coatings in the cargo tanks 
of product carriers is widespread in order to protect the cargo 
from contamination and some older crude oil carriers have 
the deckhead and bottom of cargo tanks coated to protect these 
vulnerable areas. In recent years oil tankers have experienced 
another major increase in surface area in ballast spaces with 
the adoption of double hull tankers and an IACS unified 
requirement (Ref. 6) has recently been introduced for new 
construction of all ship types requiring that all salt water 
ballast tanks need to be coated and maintained. 

The introduction of double hull tankers has also led to a 
reduction in the width of wing tanks and the height of the 
double bottom is generally quite small. Hence there has been 
a transition away from open spacious ballast tanks in older 
vessels where individual surfaces within a space could be 
examined or viewed in their entirety as shown in Figure 12. 
In contrast the ballast spaces of double hull tankers are narrow 


confined spaces which are further sub-divided by the presence 
of perforated transverse web frames and longitudinal girders 
resulting in a number of separate ‘sub-spaces’ which are 
connected by small access openings as illustrated in Figure 13. 
The ballast spaces in bulk carriers can also be categorised as 
being split into a number of smaller sub-spaces in both the 
hopper, double bottom and stool spaces as shown in Figure 
14. The LRHCM system has recently been modified so that 
the coatings can be documented as appropriate either for each 
surface within the tank or for each sub-space within the tank 
and this is described in Section 5.3. 

The coating condition in a tank is categorised at a Special 
survey as either ‘Good’, ‘Fair’ or ‘Poor’ as discussed in Section 
5.2. A tank, or areas within a tank, which is found to have 
‘Poor’ areas of coating needs to either have the coatings 
renewed or be examined at each subsequent annual survey. 
Thickness measurements are also required annually in the 
affected locations to monitor any corrosion which may arise 
as a result of the failure of the coatings. It is important to 
recognise that normally it is only at five year intervals at each 
Special survey that a Class Surveyor will inspect and 
categorise the overall condition of the coatings in each tank. 
There is a clear incentive for a shipowner to monitor the 
condition of coated ballast spaces between Special surveys 
and where necessary repair or renew coatings locally before 
a total failure of the coatings occurs which could also lead to 
accelerated corrosion in these spaces. 

LRHCM provides shipowners with a capability to 
undertake such inspections and to document the coating 
condition for each surface or sub-space to a level which is 
beyond Class requirements. Many shipowners of new double 
hull tankers are planning to inspect the ballast spaces either 
annually or twice a year. This may be undertaken by 
inspection companies or the crew while the ship is in service 
and be supplemented by shipowners’ superintendents 


according to need or at the time of drydocking usually in 
connection with Intermediate and Special surveys. Many bulk 
carrier operators also inspect the ballast tanks and cargo holds 
on a regular basis, sometimes after each cargo discharge, to 
check for local damage to the frames and the coating condition 
in ballast tanks. 


Figure 12 Oil Tanker with Open ‘Spacious’ Ballast Tanks 
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Figure 13 Double Hull Tanker with Narrow Wing and Double 
Bottom Ballast Tanks Sub-divided into ‘Sub-Spaces’ 


Figure 14 Bulk Carrier with Hopper and Double Bottom Ballast Tanks Subdivided into ‘Sub-Spaces’ 


5.2 Coating Condition Assessment 


The categorisation of the coating condition needs to be 
undertaken in accordance with the following agreed [ACS 
definition (Ref. 4): 


Good: condition with only minor Spot Rusting; 

Fair: — condition with Local Breakdown at edges of stiffeners 
and weld connections and/or Light Rusting over 20% 
or more of areas under consideration, but less than as 
defined for poor condition; 

Poor: condition with General Breakdown of coating over 


20% or more of areas or Hard Scale at 10% or more of 
areas under consideration. 


The inspection forms and data-entry scheme which LRHCM 
adopts requires the user to document the coating on the basis 
of the breakdown type and the percentage breakdown. The 
LRHCM program determines the appropriate coating 
category of ‘Good’, ‘Fair’ or ‘Poor’ as defined in Table 6. In 
consultation with shipowners it has also been agreed that the 
system will allow the condition of any stiffeners and face- 
plates to be documented separately from the plating. There is 


Table 6 - LRHCM Coating Condition Definition 


Breakdown Type % Breakdown IACS Category 


Spot Rusting 0, 5, 10, 20 Good 


+ 
Local Breakdown 20, 33, 50 


20, 33, 50 


Light Rusting 


+ 


General Breakdown | 20, 33, 50, 75, 100 


+ 


Hard Scale 10, 20, 33, 50, 75, 100 
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also a capability to provide a descriptive comment to 
document, where necessary, the location of breakdown 
and/or the details of affected structure such as plate seams 
and butts and the edge of stiffeners. 

It is recognised that the [ACS categorisation is based on an 
inspector’s subjective assessment of both the percentage and 
breakdown type. This is an ongoing matter of investigation 
within the Tanker Structures Co-operative Forum who have 
published extensive photographs and sketches to assist in the 
documentation of coating systems (Ref. 20). Any further 
developments in this area which are adopted by IACS will 
need to be incorporated into the LRHCM system. It is also 
desirable that the system can offer flexibility in documenting 
the coating condition to take account of shipowners’ own 
requirements. 

Following discussions with a number of shipowners it is 
proposed that a summary of the coating condition of a tank 
will be specified on the expanded drawing of a tank giving 
the percentage surface area which has been found to be either 
‘Good’, ‘Fair’ or ‘Poor’. Such a detailed assessment of the 
coating condition in a tank is possible since the LRHCM 
system stores a geometric model of the ship and allows the 
area of individual surfaces or sub-spaces or even the whole 
tank to be determined. A summary table giving this 
information for the whole ship will also be provided under 
the ‘Hull Summary’ option. 


5.3 LRHCM Coating Inspection Capabilities 


The LRHCM system not only provides an ability to document 
the coatings but also the means by which the data can be 
gathered during the actual inspection. This involves the 
generation of drawings of the spaces to be examined in an 
appropriate format. When examining the coatings of ballast 
spaces in older tankers, cargo tanks in oil tankers and cargo 
holds in bulk carriers it can be seen that drawings of individual 
surfaces are appropriate since these can normally be viewed 


in their entirety within the space although access difficulties 
may arise. It should be noted that there are typically up to 
about twenty individual surfaces in such a ballast tank as 
shown in Figure 12. However, for ballast spaces in double hull 
tankers and ballast and stool spaces in bulk carriers, drawings 
based on individual ‘sub-spaces’ are more appropriate as 
shown in Figures 13 and 14. In such cases there could be up 
to sixty separate sub-spaces in a double hull tanker or bulk 
carrier when both the wing and double bottom spaces are 
included. The system automatically requires the user to 
document the coatings in a tank as a series of sub-spaces or 
surfaces depending on whether sub-spaces exist within the 
tank. Where a tank is inspected as a series of sub-spaces, the 
order in which the sub-spaces are listed in the table, which is 
used for documentation and input purposes, is important and 
where possible should be consistent with the order in which 
the tank will be inspected. Currently the order is given for 
each girder level from fore to aft but this may only partly 
satisfy the desired approach since in practice a Surveyor may 
choose to inspect a tank from bottom to top and also each 
alternate level will probably be examined aft to fore and then 
fore to aft. 

If a tank is being inspected which is in relatively ‘good’ or 
‘poor’ condition it is both undesirable and, in some cases even 
impractical in some confined spaces, to physically carry 
between twenty and sixty drawings. In recognition of this, the 
concept of an ‘expanded’ tank view, which shows the 
bounding surfaces of the tank ‘folded’ out, has been 
introduced. This concept can be used for all tanks whether or 
not they are further subdivided into sub-spaces. The condition 
of the tank can be summarised on this drawing and sketches 


showing any localised breakdown on individual surfaces or 
within a sub-space can be produced by hand if necessary. In 
addition a table giving either a list of all surfaces or sub-spaces 
within the tank can be generated for use during the actual 
inspection or during the data-entry process. This table allows 
the background coating condition to be documented for each 
surface or sub-space and with separate categories for plating 
and stiffeners as necessary. The surfaces or sub-spaces which 
have local breakdown can also be identified on this table but 
if no localised coating breakdown occurs all data can be input 
in a tabular format and the results can be viewed on the 
‘expanded’ tank drawing. Tables 7 and 8 show the forms 
which can be used to document the background coating 
condition for a tank which is inspected respectively as a series 
of sub-spaces or surfaces. Figure 15 shows the result of a 
coating inspection on the inner hull of the wing ballast space 
of a double-hull tanker. The data has been entered ina tabular 
format based on the condition of each sub-space and this can 
be identified by the ‘chequered’ condition of the coatings in 
each sub-space. As mentioned it is proposed that this drawing 
will be enhanced to show the percentage surface area of the 
tank which has ‘Good’, ‘Fair’ and ‘Poor’ areas of coating. 
The coating inspection which is shown in Figure 15, has a 
uniform condition for each sub-space where the plating and 
stiffeners are the same condition. If the deterioration varies 
locally within an individual sub-space or for selected surfaces 
the ability exists within LRHCM to generate an expanded 
drawing of a sub-space or a drawing of a surface which can 
be used in the tank during the inspection to record the detailed 
coating condition. The same drawing is displayed by LRHCM 
to allow the input of the recorded data into the system. Where 


16/0171996 OWNER 


SHIP NAME: Double—Hull 


Figure 15 Expanded Tank Drawing showing Background Coating Condition 
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Table 7 - Background Coating Condition Form (Surfaces in Tank) 


Ship: Tanker Space: BT4P 
Date of Build: JUN 1977 

Survey: 

Date: 

Surveyor: 
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localised coating breakdown is found in a small number of where the port hopper and double bottom tanks have been 
sub-spaces or surfaces it is anticipated that an inspector may documented with a ‘sub-space’ approach. It can be seen that 
wish to produce a hand sketch in his notebook rather than the starboard ballast tanks have not been inspected and the 
generate drawings from the LRHCM system. The system has cargo hold can also be identified as being uncoated. 
been designed to allow for such a flexibility of operation. The capabilities of LRHCM allow for the coating condition 
Figure 16 illustrates an ‘expanded sub-space’ drawing in ballast tanks, (both with and without subdivision into sub- 
showing the localised breakdown of coatings in a sub-space spaces) to be categorised into two scenarios as summarised in 
with separate breakdown on plating and stiffeners in some Table 9. First, where no local breakdown occurs and all coating 
locations. is uniform in terms of ‘Good’, ‘Fair’ or ‘Poor’ an expanded 
As discussed in Section 3.3 a ‘global drawing’ view can be drawing of the whole tank can be used. In addition a table 
generated which combines the results from inspecting a giving either a list of surfaces or sub-spaces is available to 
number of different tanks. This is generated using the ‘View’ document the background condition and indicate surfaces or 
option which is described in Section 3.6.3 and an example is sub-spaces which have localised breakdown. This also allows 
shown in Figure 17 for a corrugated bulkhead in a bulk carrier the condition of the plating and stiffeners to be of different 
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Table 8 - Background Coating Condition Form (Sub-Spaces in Tank) 


Ship: Double-Hull 

Date of Build: FEB 1995 
Survey: SPECIAL | 
Date: 

Surveyor: 


a 
Plates/ 
Stiff;FP 


Frames 


Space: BT2P/W 


b 
Breakdown 


a) PT — Plating; ST — Stiffeners and Faceplates 

b) Spot-Rusting (0-20%); Local-Breakdown (20-50%); 
Light-Rusting (20-50%); General-Breakdown (20-100%) 
Hard-Scale (10-100%) 


uniform condition where appropriate and all data can be 
entered into the system without the use of drawings. Secondly, 
where individual surfaces or sub-spaces are found to have 
localised coating breakdown, a drawing of an individual 
surface or an expanded drawing of individual sub-spaces can 
be used to document the location of such breakdown and to 
enter the data into the LRHCM system. The background 
coating condition is still entered in a tabular format and 
drawings are only required for surfaces or sub-spaces which 
have localised breakdown. Coated cargo tanks can also be 
inspected and documented in the same way but it is unlikely 
that such tanks will be subdivided into sub-spaces. These 
recent developments have been made following an evaluation 
of an earlier version of the LRHCM system with Shell on a 
new double hull tanker. This has resulted in a considerable 
saving in the time which was previously required to enter the 
coating condition of an entire tank if all or most of the surfaces 
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or sub-spaces have a uniform condition with no localised 
breakdown. 

Summary information of the coating condition for the 
whole ship can also be generated by showing the percentage 
surface area which has ‘Good’, ‘Fair’ or ‘Poor’ areas for 
all tanks inspected during the survey. This is described in 
Section 10.1. 


16/61/1996 SPECIAL I 
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Figure 16 Expanded Sub-Space Drawing showing Localised Coating Breakdown 
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Figure 17 View of Coating Condition on (¢ orrugated Bulkhead Combining Results for all Port Ballast Tanks 


Table 9 - Summary of Inspection Forms and Data-Entry Features for Coating Inspections 


No 
Sub-Spaces 


With 
Sub-Spaces 


Required 
Inspection 
Forms 


Expanded 
Tank 
Drawing 


Coating Condition 


Background 


Localised 
Breakdown 


Background 


Localised 
Breakdown 


N/A 


N/A 


Tabular 
List of 
Surfaces 


N/A 


N/A 


Drawings of 
Individual 
Surfaces 


Expanded 
Tank 
Drawing 


N/A 


N/A 


N/A 


N/A 


Tabular 
List of 
Sub-Spaces 


N/A 


N/A 


Expanded 
Drawing of 
Individual 

Sub-Spaces 
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6. FRACTURES 


6.1 Inspection Requirements 


There are no IACS procedures for documenting and 
categorising fractures which arise due to either fatigue or 
other sources. Any fractures which are found by the ship’s 
crew, superintendent or other personnel need to be notified 
to Lloyd’s Register and normally a Class Surveyor will attend 
to approve either temporary or permanent repairs according 
to their severity and location. A number of studies have 
recently been undertaken, suchas by Berkeley University (Ref. 
21), into both predicting the most critical areas on the ship 
where fractures may occur and also to determine the best 
repair in terms of modification to local details and the impact 
on local stress. The Tanker Structural Cooperative Forum give 
a detailed library of recommended modification to repair 
fractured structure. Reference 22 contains details for older 
tankers while Reference 16 gives the same information for 
double hull tankers. Similar guidance is incorporated into 
Lloyd’s Register’s ShipRight Fatigue Design Analysis system 
(FDA) (Ref. 23) for use at the design stage to ensure that the 
fatigue life of local details is acceptable. 

The main purpose of the Hull Condition monitoring 
system is to record the location of fractures which occur 
together with the repairs undertaken. This is currently 
achieved using the drawings generated by LRHCM to show 
the locations where fractures occur but since the detailed 
geometry of small cutouts around stiffeners and other end 
connections are not modelled within the system it is possible 
to document graphically the detailed location of each fracture 
by referencing a photograph or sketch external to the system. 
It is planned that this will be achieved in future versions of 
the system by being able to scan drawings or photographs for 
storage by the system. Alternatively a library of the geometry 
of local details could be maintained within LRHCM and the 
detailed location of fractures could be marked on these 
drawings which could be referenced toa particular connection 
ona selected drawing. This approach could ultimately allow 
a link between LRHCM and FDA to assist in the modification 
and repair of details in which fractures occur. 


Table 10 - Fracture Summary Report Form 


Ship: Double-Hull 

Date of Build: FEB 1995 
Survey: SPECIAL | 
Date: 

Surveyor's Name: 


Intersection 

Design (b) 
(a) /Repair 

Description Status 


SS/P-HG1 Original 


6.2 LRHCM Capabilities 


The location of fractures can be documented as part of a ‘close- 
up’ survey using the drawings of individual surfaces or an 
expanded drawing of a sub-space as appropriate for the 
selected tank. Fractures need to be grouped together in areas 
defined interactively by the user and termed a ‘Fracture 
Group’. The location of fractures within these defined 
‘Fracture Groups’ is defined interactively and a table is then 
displayed by LRHCM to allow the following detailed 
information to be input: 


e the code of the structure which is fractured; 


¢ the repair status as either ‘unrepaired’, ‘temporary’ or 
‘permanently’ repaired; 


¢ whether the structure has previously been repaired or 
modified as a result of previous fractures occurring; 


¢ the number of fractures at the specified location; 
¢ whether a secondary surface has been penetrated; 


¢ auser defined reference to document an external drawing 
or photograph. 


The code of the structure where the fractures are located is 
automatically defined by the system if it is close to items such 
as stiffeners or stringers or girders which intersect at that 
location. This code can be overwritten by the user if desired. 
If a secondary surface is penetrated the user can also toggle 
through a list of surfaces close to the fracture location to select 
the appropriate surface name. For each fracture location an 
additional table can be completed giving the size and a 
detailed description of each fracture in relation to the detailed 
geometry of, for example, a cutout at a longitudinal stiffener. 
Figure 18 shows the location of fractures on side-shell 
longitudinal stiffeners and near the knuckle of the hopper 
sloping plate ona transverse frame at the fore end of a double 
hull tanker. Table 10 shows the table which gives additional 
summary information as listed above and Table 11 illustrates 
the table with detailed comments for one fracture location. It 
is appreciated that the information in this last table can be 


Record No.: 50 
Space: BT1P/W 
Surface: TF110 
Surface Side: AFT 


Fracture Particulars 


2nd (d) 
Surface 
Penetrated 


SS/P-LS47 Original 


is 


SS/P-LS45 


Original 


SS/P-HG3 Original 


IH/P-LS38 Modified 


IH/P-LS36 


a) e.g. LSn, VSn, CUTOUTn, BRACKET 
b) Original; Modified 

c) Perm; Temp; None 

d) Valid drawing code 

€) 3-digit number 
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16/6171996 OWNER SHIP NANE: Double—Hull 


VIEW FWD 


BTiP/W TF116 PLATING (AFT) 


Figure 18 Transverse Web Frame showing Position and Repair Status of Fractures 


Table 11 - Detail/Intersection Fracture Report 


FRACTURE 
REPAIR 
STATUS 

None 

Temp 


Perm 


Ship: Double-Hull 

Date of Build: FEB 1995 
Survey: SPECIAL | 

Date 


Record No.: 50 
Space: BT1P/W 
Surface: TF110 
Surface Side: AFT 


Surveyor’s Name: 

Group Location: Sideshell 

Group No.: 1 

Intersection No.: 2 

Intersection Desc: SS/P-LS47 
Design/Repair Status: ORIGINAL 


Repair Status: PERM 
No. of Fractures: 2 

2nd Surface Penetrated: 
Drawing/Photo Ref: 


Fracture No.| Location 


Size Comments 


Heel of flatbar stiffener connecting longitudinal 
Top of longitudinal stiffener web cut-out 


better shown as a drawing or photograph which could be 
stored within the system. This is planned in future versions 
but currently a drawing or photograph can be referenced and 
stored external to the system. A summary table can also be 
produced for the entire ship showing the tanks and surfaces 
with fractures together with the total number of fractures and 
the repair status. This is discussed further in Section 10.1. 
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10mm Penetrates face-bar of side-shell stiffener 


20mm Runs vertically in way of accelerated local corrosion 


ied 


7. THICKNESS MEASUREMENTS 


7.1 Inspection Requirements 


As discussed in Section 4.1, thickness measurements are 
required at each Special and Intermediate survey in 
accordance with the requirements given in Appendix II.2. The 
number of locations where readings are required increases 
with each Special survey and is more onerous for oil tankers 
and bulk carriers. A shipowner may obtain additional 
readings during non-Class inspections and, as the ship ages, 
some thickness measurements may also be required in critical 
areas during annual or intermediate surveys. An allowable 
corrosion margin is defined by LR (Ref. 24) and this varies 
according to ship size and to a lesser extent by ship type and 
the location or type of surface within the ship. For ships subject 
to the Enhanced Survey and greater than 90 metres in length 
plating is typically allowed to corrode up to 20% of the Rule 
thickness and stiffeners up to 25% of the Rule thickness. Full 
details are given in Appendix III of this paper. 

Since July 1993 a more stringent requirement has been 
introduced for ships subject to the Enhanced Survey program 
(Ref. 4) since any structure which is corroded by 75% or more 
of the allowable corrosion margin must be either renewed or 
subject to an annual inspection together with the taking of 
thickness measurements in the affected areas. Such areas are 
referred to as ‘critical’ areas which have ‘substantial 
corrosion’. The LRHCM system stores the original, Rule and 
renewal thickness for each plate, stiffener and face-plate and 
hence, following input of thickness measurements into the 
system, the amount of corrosion as a percentage of the 
corrosion margin can easily be determined and such plates 
highlighted on the drawings and in tables. It is also possible 
to show the percentage corrosion in relation to the original 
and Rule thicknesses. 

Following each Special survey the _ thickness 
measurements, which are normally obtained for a shipowner 
by an approved inspection company, need to be submitted to 
Lloyd’s Register in an approved format as specified in 
Reference 24. This allows for two representative readings per 
plate and requires that readings on individual surfaces for the 
port and starboard side of the ship are displayed on the same 
form even though they may be in different spaces. There are 
nine forms as shown in Appendix IV, which differ slightly 
according to ship type, and cover a number of different 
surfaces within the ship. There is a further form summarising 
the results for readings obtained for a transverse section. The 
LRHCM system only has one form layout for all ship types 
and all surfaces within the ship. The design of this form allows 
any number of readings per plate to be recorded together with 
the average value. It is planned that it will be possible in future 
versions of LRHCM to generate the [ACS standard reports. It 
can be considered however, that the ability to view the 
thickness measurements graphically renders these [ACS 
forms superfluous although it is unlikely that the LRHCM 
system will be recognised by IACS and National Authorities 
as an acceptable alternative in the near future. 

A transverse section is defined as readings on all 
longitudinal structure between two adjacent frames including 
all plates and stiffeners. Currently the ‘topside’ and ‘bottom’ 
readings are averaged separately for plating and stiffeners and 
the results compared with those allowed by LR (Ref. 24) and 
shown in Appendix III. These criteria implicitly check on the 
section modulus taking into account the corrosion at the 
chosen transverse sections. From the available geometry 
within LRHCM it is planned that a section modulus 
calculation will be introduced in the system in addition to 
checking the required criteria. This capability will not only be 
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beneficial at the time of a survey but also be of use to the LR’s 
‘Ship Emergency Response System’ (SERS) since the actual 
sectional modulus of the ship can be taken into account in a 
strength calculation which is undertaken at the time of any 
incident involving a collision or grounding of the ship. 


7.2 LRHCM Capabilities 


As discussed in Section 4.2 the LRHCM system allows a user 
to prepare a plan of the spaces and surfaces on which thickness 
measurements are required. The location of readings can be 
identified on drawings of each surface and separate symbols 
are used to distinguish between readings on plates (x), 
stiffeners (\’) and faceplates (0). The system provides a 
number of different features to assist in assigning the position 
of readings as follows: 


¢ manual placement of points; 


¢ placing a fixed number of points uniformly for each plate 
on the selected drawing; 


¢ placing a fixed number of points uniformly for each plate 
in a defined area; 


¢ placing a fixed number of points uniformly per plate in a 
horizontal or vertical line; 


¢ moving a point to a new location; 
¢ deletion of a point. 


The above features can also be applied to stiffeners and 
face-plates in addition to plates. 

If no detailed plan is prepared for the readings a blank 
drawing can be printed out on which the inspector can show 
the location of readings together with the measured value. 
This procedure has been evaluated by Shell on a new double 
hull tanker in association with a thickness measurement 
company. Figure 19 shows a copy of one of the actual drawings 


PORT 
AFT FWD 
72 
IH/P 
X Plates 
Stiffener 


Face-plate 


re? 


CT4P TBA71-ST1 PLATING 


Figure 19 Recorded Thickness Measurements on Deck 
Transverse Web 


of a stringer used inside a cargo tank with the location of the 
readings and the measured thicknesses recorded 

Following the collection of the thickness measurements the 
data can be input into the LRHCM system either in a tabular 
format or interactively on each drawing. The latter approach 
has recently been introduced following the evaluation of the 
system with Shell International Trading and a thickness 
measurement company on anew double hull tanker (Ref. 17 
& 18). A tabular input approach may be desirable in limited 
circumstances such as on the deck plating where the plating, 


is uniform. The general use of a tabular approach requires the 


user to match readings on a drawing with those in the table 
which are identified by the plate code. This can be quite time 
consuming and also practical difficulties exist in relation to 


1276671996 SPECIAL III 


IP NANE: Tanker 


Where a the 


automatically requests the user to input a reading on both the 


identified stiffener has a flange system 
web and the flange 

Following the input of the thickness measurements either 
in a tabular or interactive format the results are shown on a 
drawing and can be displayed either as point readings or as 
averages for each plate, stiffener and face-plate. Colour is used 
to shade each plate as shown in Figure 20 for a transverse 
bulkhead. substantial 
identified and the results for more than one tank have been 


combined on a 


Areas of corrosion can clearly be 


‘global’ drawing. The results can also be 
displayed ina table as shown in Table 12 giving details of the 
Rule, original, renewal and measured thickness together with 


the percentage corrosion in relation to the original, Rule and 


Figure 20 Areas of Substantial Corrosion on Transverse Bulkhead 


the order of the planned readings in the table and the order 
in which the readings are either taken or marked ona drawing. 
The interactive input features overcome these difficulties and 
allow a user to show a drawing on the screen which is identical 
to the drawing used in the tank to mark the location of 
readings and to record the thickness. Using a mouse the user 
can either select a reading which has already been defined 
during the detailed planning stage or identify the location of 
a new reading on the computer screen. For each reading a 
small input panel is generated which shows the Rule, original 
and renewal thickness and following input the percentage loss 
is displayed in terms of the Rule and original thickness and 
also the corrosion margin. The reading position is then 
coloured on the screen so that any readings with substantial 
corrosion or which exceed the corrosion margin can be readily 


99 


corrosion margin. The readings can be identified by the plate 
or stiffener code but these are difficult to identify on individual 
drawings. While plate codes can be displayed on the drawings 
the size of the drawing and the small spacing between 
many 
instances unless a small area is displayed using the ‘zoom’ 
feature of the system. To overcome this practical difficulty 
each reading is numbered as shown in Table 12 and these 
numbers are displayed on the drawing so that the location of 
readings can easily be identified. The scantling, measured and 
percentage diminution can also be displayed on the drawings 


stiffeners makes the display of codes confusing in 


but difficulties again arise with the drawings becoming 
cluttered unless a small area is selected. Average values can 
be displayed according to the number and size of plates on 
individual surfaces. The system allows the user control over 


Table 12 - Gauging Report 


Ship: Tanker Surveyor 

Date of Build: JUN 1977 Space: Global 
Survey: SPECIAL III Surface: TBO66 
Date: 12/6/1990 


— 


Reading Diminution % 
Plate Code l Renewal As-Built % Margin 


D-4/P 9g 2. 3 2.4 0.1 


0.3 


16/61/1996 SPECIAL IV SHIP NAME: Tanker 


VIEW FWD 
0) 


CRIT- 
ERIA DIMN 


Long! : 
BOTT 
Plate 
Longl : 
Plating 


Long! 


% CRITERIA 
No gaugings 


Bx - SBx 
S8x . 75x 
75x - 188% 
>= 188% 
LB/P LB/S 
® 


TRANSVERSE SECTION — F@76-F877 PLATING 


Figure 21 Topside and Bottom Diminutions on Transverse Section 
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the detail of results and plate codes on the drawings so that 
drawings and tables can be printed out in an appropriate 
format according to the number and density of thickness 
measurements obtained. 

Thickness measurements can be input into the LRHCM 
system for any surface in a tank or for the surfaces on the 
external hull including any deck girders or hatch covers which 
may be present. The capability also exists to plan and 
document the results for a transverse section which are 
required as part of each Special survey. For a selected frame 
position readings are obtained on all longitudinal plates and 
stiffeners at a transverse section through the hull. Guidance 
is given in the Rules (Appendix II.2) as to where the sections 
are to be taken. Readings are normally taken between two 
frames and an appropriate drawing can be generated for use 
during the collection of the readings. The results are averaged 
to show the percentage corrosion on the top and bottom 
plating with results for the stiffeners being shown separately 
as shown in Figure 21. A corresponding table is also generated 
as shown in Table 13. As previously discussed the criteria 
relate to the strength of the ship to ensure that the section 
modulus is adequate and it is planned to enhance the LRHCM 
system so that the section modulus is calculated for each 
transverse section. The current version of LRHCM also 
requires the data for a transverse section to be input in a 
tabular format and it is planned to enhance this so that it can 
be input interactively from a drawing of the section using a 
similar interactive approach as described for a surface view. 


Table 13 - Topside and Bottom Area Diminutions 


Ship: Tanker Date of Build: JUN 1977 
Survey: SPECIAL IV Space: TSECT 
Surface: FO76-FO77 


Top Bottom 
Plating | | Plating 


% Permissible Criteria 10.00 


% MEAN Rule 


% MEAN Rule Margin 


% MEAN As-Built 


% MEAN As-Built Margin | 41.67 | 107.43 | 93.33 91.29 
No. Planned Readings 52 116 
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8. OTHER DEFECTS 


8.1 Overview 


The current version of LRHCM has capabilities for the 
documentation of thickness measurements, coating 
inspections and the recording of fractures. An ability to plan 
and document coating repairs is also available in the system. 
It is planned that future versions of the system will include a 
capability to document the condition and replacement of 
anodes and also the presence of other defects such as pitting 
and damages from either contact, loading or fire and 
explosion. Unlike coatings and thickness measurements there 
are no approved IACS procedures for categorising these 
defects. A brief description is given of the proposed capability 
for these defects but further discussion is required both within 
Lloyd's Register and with shipowners to ensure that any new 
features satisfy owners’ requirements, many of whom may 
have differing practices and procedures already in place. 


8.2 Anodes 


The condition of anodes could be categorised as ‘Good’, ‘Fair’ 
or ‘Poor’ similar to the [ACS concept which is used for 
coatings. From discussions with anode manufacturers the 
following categories based on the percentage wastage of the 
anode could be considered for zinc and aluminium anodes 
which waste in slightly different ways: 


Good = zine (0-25%), aluminium (0-20%) 


Fair— zine (25-70%), aluminium (20-50%) 


Poor — zinc (>70%), aluminum (>50%) 


Anodes are normally placed on horizontal surfaces in 
coated ballast tanks and cargo tanks to protect against 
accelerated corrosion if local failure of the coatings occur. They 
may also be used in cargo oil tanks due to the risk of water 
with a high sulphur content settling in the bottom of the tank. 
In some cases the steel-work is prepared at build to allow the 
placement of anodes necessary in later years. It is desirable 
that the modelling and reporting of the deterioration and 
replacement of anodes within the LRHCM system can be 
implemented such that two levels of detail are permitted. The 
first level would allow for no detailed identification of anode 
positions on individual surfaces but would only identify areas 
containing anodes and a description of their distribution. 
Documentation of the condition and replacement of any 
anodes would also be descriptive. At a second level the 
location of each individual anode could be identified on the 
drawings which would allow for a more detailed repair 
specification. These two capabilities will allow for different 
inspection and maintenance strategies depending on whether 
some or all anodes would be replaced in a particular tank or 
defined area. The specification of individual anode locations 
will also be time consuming as part of the ship modelling 
process and this could be undertaken by the shipowner as the 
need arises to document in more detail the condition of 
individual anodes. 


8.3 Pitting 


Pitting is confined to horizontal surfaces normally within 
cargo tanks on the bottom or inner hull plating and horizontal 
stringers. Grooving can occur on vertical surfaces but needs 
to be documented under the ‘miscellaneous damage’ option. 
Guidance on the documentation of pitting, including pitting 
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intensity diagrams is given by the Tanker Structural Co- 
operative Forum (Ref. 22). Future versions of the LRHCM 
system need to allow pitting to be documented by allowing a 
user to define an area over which pitting occurs and to define 
the intensity together with the average and maximum depth. 
Details of any repairs undertaken also need to be documented 
indicating whether repairs involve welding or the use of other 
alternatives such as an epoxy filler. 


8.4 Miscellaneous Damages 


The documentation of any other damages such as grooving 
corrosion, buckling, contact damages or arising from fire or 
explosion will be recorded descriptively for a defined area on 
a selected surface within a tank. The documentation of some 
damages and their repair will be achieved more effectively 
with a three-dimensional model of a ship where damage 
occurs on a number of connecting surfaces within a defined 
volume, rather than ona planar two-dimensional surface. This 
capability will be possible with the new version of the system 
which is being developed using a three-dimensional viewing 
capability. 


9. REPAIRS 


9.1 Overview 


The ability to prepare detailed drawings which can be used 
as part of a repair specification is a major benefit to a 
shipowner. This will allow an owner to generate lists of spaces 
and surfaces to be repaired and detailed drawings showing 
the area to be renewed. The shipowner will also be able to 
determine the surface area of coating renewals and the weight 
of steel repairs so that estimates of repair costs can be made. 
It should be noted however that the ship is not modelled to 
construction tolerances and this information is for the benefit 
of the shipowner rather than the repair yard. Use of the system 
by arepair yard would also require the yard to utilise a system 
which is not a standard procedure for the majority of ships 
being repaired. It is also not intended that the LRHCM system 
will make decisions regarding areas to be repaired since a 
Class Surveyor needs to make the final judgement. The system 
can however provide summaries of defects in tanks and on 
individual surfaces or sub-spaces within tanks to allow a 
shipowner or Class Surveyor to determine which areas need 
further examination and possible repairs. The current version 
has a capability to plan for coating renewals and this will soon 
be extended to include steel renewals and the repair of 
fractures. This will be extended to the other defects discussed 
in the previous Section, as these are included in future 


versions. 


9.2 Coating Renewals 


From the documented coating condition LRHCM can be used 
to prepare a repair specification of those areas which need to 
be renewed. To assist in identifying possible areas which need 
renewing a summary table can be generated which shows all 
surfaces or sub-spaces within each tank which have areas of 
‘Poor’ coating. Drawings can then be generated allowing the 
user to highlight areas which are to be renewed either on the 
basis of a whole sub-space, an entire surface or smaller areas 
on an individual surface or within a sub-space. In addition a 
whole tank can be selected for coating renewal and this will 
also allow the shipowner to plan for coating an uncoated tank 
at any time during the life of the ship. The surface area of each 
renewal is calculated by LRHCM and the value shown 
separately for the plating and any stiffeners and face-plates 
together with the total. Such a repair specification is shown in 
Figure 22 for the transverse bulkhead in an older tanker. Two 
areas of repair are shown above the upper and below the 
lowest stringer and the coating area for each is given together 
with the total area. 

A table giving a summary of all planned coating renewals 
ineach tankanda total for the whole ship can also be generated 
as shown in Table 14. This not only allows a shipowner to 
provide a repair specification to a repair yard but also to 
estimate the repair cost based on the total surface area to be 
repaired. The planning of coating repairs can be undertaken 
as a separate task for a particular survey but the ability exists 
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Figure 22 Coating Renewal Specification for Transverse Bulkhead 
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Table 14 - Summary of Coating Renewals 


Tank Whole/Part Renewed | Compartment! 
Layne 


Compartment/ 
Surface Code 


BT2P/W Comp 


pee isan eile te ce | 


Comp 


BT2P/DB Whole 


DP-HG1, TFO85-86 


DP-HG1, TFO86-87 


Whole/Part Renewed Area (M**2) 


Whole 


Whole 


HG2-HG3, TFO88-89 Whole 


CST6P Part 


to view the coating condition and plan repairs based on 
inspections from a previous survey. This capability allows 
repairs to be deferred and, if necessary, to be planned on the 
basis of anumber of recent surveys. Following the completion 
of the coating renewals LRHCM needs to be updated to 
confirm that they have been undertaken and to identify their 
extent if different from the original repair specification. 


9.3 Steel Renewals 


The ability to plan steel renewals will be introduced into the 
system in the near future and will adopt a similar approach 
to that for preparing a specification for coating renewals. 
Drawings showing the extent of corrosion will be used to help 
identify individual plates or areas of plating and stiffeners 
which need to be renewed. The ability to crop and part renew 
a plate will also be included and the weight of steel to be 
replaced determined so that shipowners can estimate the cost 
of repairs. Following the completion of repairs the LRHCM 
system will need to be updated to indicate the extent of repairs. 
Any future thickness measurements on renewed steel will 
indicate the new thickness and any changes in geometry in 
plate profiles. A shipowner will be responsible for using 
LRHCM to update the ship model where steel renewals affect 
the ship structure. Where extensive repairs or modifications 
are undertaken on a ship a shipowner could contract LR to 
remodel a part of the ship to take account of the changes in 
the ship model. 


9.4 Other Repairs 


As the ability to document the condition of anodes, pitting 
and other damages is introduced into the system the ability 
to plan and document any appropriate repairs will also be 
included. The location of repairs can be identified on drawings 
either as areas for pitting renewals or other damages or the 
actual position of anodes and fractures. Surface areas and steel 
weights can also be determined as appropriate and the repair 
details included in the summary tables. The final capabilities 
for the repair of these defects need to be discussed in more 
detail both within Lloyd’s Register and with shipowners. 
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10. SUMMARY REPORTING AND TREND 
ANALYSIS 


10.1 Hull Summary 


During and on the completion of a survey or inspection it is 
useful for a shipowner to be able to produce a summary of 
critical areas which either have excessive corrosion, defective 
coatings or other defects such as fractures. In addition 
generating a list of areas examined, as shown in Table 5, is 
beneficial. With the introduction of the Enhanced Survey 
(Ref. 4) critical areas for corroded steelwork which is in excess 
of 75% of the corrosion margin have been defined as areas of 
‘substantial corrosion’. Defective coating areas are also 
defined as those which have ‘poor’ coatings according to the 
IACS definition which has been described in Section 5.2. 
Tables 15-17 present summary results giving the location 
of ‘substantial corrosion’, ‘poor’ coatings and fractures. This 
information can be generated for any Class or non-Class 
survey for any ship type even though it is only formally 
required for a Special survey for ships subject to the Enhanced 
survey program. The capability obviously exists to enhance 


Table 15 - Areas of Substantial Corrosion 


in July 1993 for oil tankers and bulk carriers (Refs. 4 & 13) 
includes a requirement for Lloyd’s Register to generate an 
executive hull summary showing the areas surveyed and the 
location of critical areas including plates with ‘substantial 
corrosion’, ‘poor’ coating areas and the location of fractures 
and other damages. The LRHCM system can generate 
summary information as given in Tables 15-17 which can be 
included in the ‘executive hull summary’ rather than 
generating the actual report which is a Class function. The 
required format of the ‘executive hull summary’ is given in 
Reference 25 and reproduced in Appendix V of this paper. 


10.2 Trend Analysis 


It is proposed that future versions of LRHCM will include a 
capability to show trends for an individual ship for corrosion, 
coating breakdown, fractures and repairs. The analysis will 
also be extended to include comparison of data for sister ships 
and ultimately for a number of ships grouped by ship type, 
size or even by cargoes carried. 

A detailed investigation into corrosion trends has been 
made by the Tanker Structure Cooperative Forum (Ref. 20) 


Table 16 - Summary of Coating Condition 


Ship: Tanker 
Survey: SPECIAL III 


—- 


Survey Date: 12/6/1990 
Location: Kuala Lumpur 


% 


Surface| Space | Plate-Code 


LB/P | BT7C 
Cire 


C-6 13.3 Litt 82. 


Ship: Tanker 

Date of Build: MAR 1985 
Survey: Special II 
Location: Dubai 

Date: NOV 1994 


% Surface Area 


Tank 


Rule |Renewal| Actual | Margin 
10.6 7 
9 


TBO66 | BT6C 
BT7C 


13. hike 77.8 


— 
BT6C 
BT7C 


TBO66 13.9 


BT2P/W 


BT2P/DB 


BI4P/W 


TBO66 | BT7C 


BT4P/DB 


CT7P 


DLBBK/S 


the LRHCM system to allow shipowners and Class Surveyors 
to generate summary information subject to other criteria. For 
example areas of ‘fair’ coating could be identified or corroded 
areas which are within 50% of the corrosion margin. This 
would assist in both the planning of future surveys and also 
longer term planning of repairs during a ship’s life. 

The IACS Enhanced Special survey which was introduced 
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CST6P 


BT2S/W 


00 
BT2S/DB 100 ioe 


BT4S/W 


BT4S/DB 


CST6S 


Table 17 - Fracture Summary 


Ship: Double Hull 
LR Number: 9077848 
Date of Build: FEB 1995 


Survey: SPECIAL | 
Location: 
Date: 10/11/1995 


Number 
Surface of 
Side Location Fractures 


; 
AFT Sideshell 


Repair 


Space | Surface Status 


BIiPW | TF110 


BTIPW| TF110 Knuckle 


SNP F 


UPPER | Connection to TFO95 


+ 
BT4P/DB| TFO76 Bottom Longitudinals 


and limited results have been published as reproduced in 
Figure 23 for the longitudinal stiffeners on a longitudinal 
bulkhead in an uncoated ballast tank. The study also reported 
a more detailed list of corrosion rates in tabular format (see 
Appendix I of Ref. 20) for longitudinal elements, transverse 
web frames, transverse bulkheads and swash bulkheads for 
tanks grouped into five categories depending on their usage 
for cargo and ballast. The results of this study will provide the 
basis whereby corrosion trends can be shown in LRHCM and 
compared with representative values. As the LRHCM system 
increases in usage in the years ahead additional data will 
obviously be provided which can improve, add to or replace 
the available corrosion rates in Reference 20. 


‘s 
—  — Corrosion rate (mm/year) 

6 
_5 Necking effect 
= 
(= : 
eo Representative 
® 4 
o 
Bs} 
oa 
ir) 
S 3 


4545/02 


0 2 4 6 8 10 12 14 16 
Ship life (years) 


Figure 23 Trend Analysis 


It needs to be recognised that during the early years of a 
ship’s life the cost in relation to the benefits gained would 
normally prohibit a shipowner from undertaking thickness 
measurements at the frequency shown in Figure 23. The 
frequency and extent of thickness measurements required by 
Class (Appendix II.2) also indicates that any trend analysis 
should not include an attempt to predict conditions in areas 
of the ship which have not been surveyed. It is also considered 
that predicting future corrosion rates will have limited value 
although this will be investigated further and could be useful 
in some circumstances providing the quality and basis of the 
prediction is clearly understood and presented in the results. 

The generation of trend data for coating conditions will also 
be introduced showing the surface area in a selected tank as a 
percentage of total area for each coating category of ‘Good’, 
‘Fair’ and ‘Poor’ as shown in Table 18. This also assists in 
identifying the repairs which have been undertaken and 
whether the whole tank has been renewed or on selected 
surfaces or sub-spaces where localised breakdown has occured. 

Trend data for fractures is proposed showing the 
distribution of fractures on the ship in terms of a longitudinal 
distribution, for example on the vertical section on the 
centreline or a horizontal section on the deck profile. For such 
views all fractures irrespective of transverse or vertical 
position could be shown. Alternatively the distribution of 
fractures within a selected plane, such as on the side-shell or 
longitudinal bulkhead could be shown. The ability to display 
the distribution of fractures ona transverse frame or bulkhead 
will also be allowed. For each view the option will exist to 
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either show all fractures which have occurred during the life 
of the ship or for a selected period of time associated with one 
or more survey. 

The trend analysis features will also be extended to 
showing results for sister ships and also for selected ship 
types. This will allow data to be presented which either 
compares performance between ships and with represen- 
tative data or to generate new representative data for a range 
of ship types. 


Table 18 - Trend Analysis of Coatings in a Wing Ballast Tank 


Ship: Tanker 
Date of Build: OCT 1977 
Tank: BTSP 


Surface Area: (M**2) 
Plating: 7510 
Stiffeners: 2200 
Total: 9710 


% Surface Area 


PT — plating ST — stiffeners/face-plates 
# coating renewals and anodes installed 
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11. FUTURE AND RELATED DEVELOPMENTS 


11.1 Related LR Systems 


A number of related systems have been developed by Lloyd's 
Register in recent years which are providing a similar 
capability to LRHCM for other applications. These include the 
‘Asset Integrity Management System’ (AIMS) which was 
initially developed for application to offshore structures. This 
system provides a management capability at a higher level 
than LRHCM and is targeting a different market than 
shipowners. A similar system has been developed by 
the LR subsidiary LR Integrity Management mainly for 
industrial applications and is called ‘Corrosion Trend 
Analysis for Pressure Vessels and Piping’ (CORTRAN). Other 
developments have been ongoing within the Ship Division 
including the provision of a spread-sheet system for the 
generation of [ACS standard report formats. The possibility 
of some or all of these systems, including LRHCM, being 
incorporated as a single system has been under discussion 
and evaluation for some time within Lloyd’s Register. In view 
of the diversity of the markets and the significant develop- 
ments which have already taken place it is anticipated that 
any such developments will be made in a number of stages to 
ensure that existing services are maintained. 


11.2 Planned Developments for LRHCM 


The current version of the LRHCM software is non-Windows 
and is limited to showing two-dimensional drawings of the 
ship structure including ‘expanded’ drawings of tanks and 
sub-spaces. A new version of the system is currently under 
development which is Windows based and utilises a three- 
dimensional image of the ship structure. The benefits of a 
three-dimensional representation will improve the selection 
procedure for tanks, surfaces and sub-spaces within a space 
and also the planning and reporting capabilities within the 
system. However, the two-dimensional image capability will 
be retained for the actual data acquisition and while entering 
data. As discussed in Section 3.5 this includes the use of 
different line styles and shading to manage information and 
avoids projections of three dimensional structure from 
obscuring other parts of the structure. 

The next version of the system will also include a capability 
to store scanned photographs and drawings to assist in the 
documentation of details such as fractures, coating 
breakdown and other damages. Procedures for auditing 
survey data will also be introduced together with data security 
features and the storage of survey data and the ship model on 
CD Roms. Procedures for ensuring that all parties concerned 
are updated with the master survey data also need to be 
established within the LRHCM system. 


11.3 Long Term Potential of System 


The use of a graphics based hull survey reporting system 
allows a number of other features and developments to be 
considered in the long term. These include extension of the 
system to machinery and piping systems within the ship and 
the introduction of a library for the geometry of local details 
to allow the repair of fractures to be planned and documented 
through a link with Lloyd’s Register’s Fatigue Design 
Analysis system (FDA). The system also offers the potential 
of providing ‘intelligence’ in terms of survey planning to 
automatically identify the survey requirements taking into 
account the areas inspected in the previous survey. A further 
long term potential development of the system is for LRHCM 
to be linked into a ship’s onboard planned maintenance 
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scheme, including the provision of transmitting data by 
means of satellite communications. 

The ability to ensure that all survey requirements have been 
met could also be included and ultimately the system could 
be developed into a formal Class survey reporting system. It 
is recognised however that the current LRHCM system 
demonstrates the concept of such a system for a limited 
number of ship types. A more general survey reporting system 
for application to all ships would probably need to be non- 
graphics based and incorporate as necessary the LRHCM 
system for those ships which benefit from the current LRHCM 
system. 

The storage of survey results in a system such as LRHCM 
provides a long term possibility of the thickness 
measurements for a ship being stored only in an electronic 
format. This is currently possible with Lloyd’s Register’s 
Thickness Measurement IACS report format program. 
However, the LRHCM system provides a means whereby the 
thickness measurements and the condition of the ship can be 
viewed visually and thus eliminating the need for printed 
forms of the thickness measurements. Any such development 
will obviously need to be agreed by IACS to allow an 
acceptable alternative. 

The LRHCM system also offers the possibility of a major 
improvement in the procedure for acquiring thickness 
measurements. A number of thickness measurement 
companies have developed systems to pre-program thickness 
measurement gauges so that data can be input directly into 
the gauge as readings are taken in the tank and to allow 
automatic generation of reports. This approach still requires 
considerable preparation and difficulties with managing extra 
readings taken at the time of the survey. The LRHCM system 
offers the potential to enhance this approach if a thickness 
measurement gauge could be developed which not only 
measures the steel thickness but also measures and records 
the three-dimensional co-ordinate of the reading. On the basis 
of this position, LRHCM could determine from the model of 
the ship the plate and position on which the reading has been 
taken. It is anticipated that a system utilising lasers or 
accelerometers could be developed to achieve this and hence 
lead to a significant improvement in the procedure of 
undertaking thickness measurements. It is recognised that the 
accuracy of such an instrument would need to be good to 
ensure that readings near seams and butts were placed on the 
correct plate. It is anticipated that an operator would still need 
to code in or select the tank and surface code and identify 
whether the reading is on a plate, stiffener web or flange or 
on a faceplate. 


12. CONCLUDING REMARKS 


Lloyd’s Register’s Hull Condition Monitoring system 
(LRHCM) has been developed to allow shipowners and Class 
Surveyors to jointly plan and document the inspection and 
repair of an individual ship utilising detailed geometric 
drawings of each surface within a tank or the external hull. 
The system has particular application to new or recently 
constructed tankers and bulk carriers and offers an immediate 
benefit to the shipowner to assist in the inspection and repair 
of coated ballast spaces. The system has recently been 
enhanced so that narrow confined ballast tanks in double hull 
tankers and bulk carriers can be inspected and documented 
as a series of sub-spaces bounded by adjacent frames and 
girders. This allows the coating condition of each sub-space 
to be input into LRHCM in a tabular format and the results 
displayed graphically either on individual surfaces or as a 
summary on an expanded drawing of the tank. A detailed 
repair specification for coating renewals can be produced 
using LRHCM by generating drawings of areas to be renewed. 
These also give the surface area of plating and stiffeners to 
allow a shipowner to estimate the cost of repairs. 

As a ship ages any thickness measurements undertaken 
either by a shipowner or as part of a Class survey can also be 
documented with LRHCM. Recent trials on a new double hull 
tanker with Shell International Trading and a thickness 
measurement company have demonstrated the usefulness of 
its ability to generate detailed drawings of any surface within 
a tank and to mark up the readings and enter the data 
interactively. This exercise resulted in about a 50% reduction 
in survey time due to the availability of drawings on any 
surface within each tank and which could easily be used 
within the tanks by the inspection company. The LRHCM 
system will be enhanced to include a capability to prepare a 
repair specification for steel renewals including specification 
of the steel weight to allow the cost of repairs to be estimated 
by shipowners. 

The current capability for fractures will also be enhanced 
to include an ability to document the inspection and repair of 
other defects such as pitting, buckling and contact damages. 
LRHCM is a practical tool which will assist a shipowner and 
Class Surveyors to more effectively monitor the condition of 
a ship throughout its service life. The acquisition and storage 
of all survey data during the life of the ship will also allow 
more effective analysis of the performance of the structure and 
allow trend analyses to be undertaken and correlation for ship 
types and sister ships. The system will assist in the design, 
maintenance and repair of all ships in the years to come and 
contribute to the development and maintenance of Class 
Rules for newbuildings and ships in service. 
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15. GLOSSARY 


‘Blank’ Drawing 


Close-up Survey 


Coating 
Condition 
Critical Areas 


‘Drawing’ 


Exchange File 


‘Expanded’ 
Drawing 


‘External’ Hull 


Face-plate 


‘Form’ 


General 
Examination 


‘Gauging-Pattern’ 


Original 
Thickness 


Overall Survey 


Plate 


Reference Item 


Renewal 
Thickness 


drawing of an internal or external surface 
inthe ship with nosurvey results displayed 
for use in recording survey results. 


a survey where the details of structural 
components are within the close visual 
inspection range of the Surveyor, i.e. 
preferably within reach of hand. Within 
LRHCM this allows for the planning and 
documentation of coating inspections, 
fractures and other damages including 
pitting and anodes for any Class or 
owner’s survey. 


‘GOOD’, ‘FAIR’ or ‘POOR’ as defined in 
LR’s Rules (Ref. 4) 


locations vulnerable to substantial corro- 
sion and/or fatigue cracking. 


drawing of ship structure in a ship 
normally consistent with an individual 
builders plan and extending the entire 
extent within the ship. 


data-file that stores the three-dimensional 
geometry, scantlings and coding system 
for the ship model in a STEP format. 


folded out drawing of an internal space or 
sub-space showing the six or less 
bounding surfaces. 


external surface of ship including shell, 
deckand any deck girders and hatch covers. 


flange on plating attached to transverse 
webs, longitudinal girders, horizontal 
girders, stringers and any stiffener. 


tabular list used either for recording 
inspection results during the conduct of the 
survey or reporting on the survey results. 


an ‘Overall’ survey applied to any non- 
Special Class or owner's survey. 


drawing showing the location of required 
thickness measurements for a surface in an 
internal space or on the external hull. 


the as-built thickness of a plate, stiffener or 
face-plate. This may be greater than the 
Rule thickness due to a shipowner’s extra 
or, for older ships, be less if subject to a 
‘corrosion control allowance’. 


survey intended to report on the overall 
condition of the hull structure and to 
determine the extent of additional close- 
up survey. Within LRHCM this can only 
be applied to a Class Special survey. 


plating on any surface in an internal space 
or on the external hull. 


a surface which is out-of-plane to a 
drawing which is shown to assist in the 
identification of the location of defects. 


the plate, stiffener or face-plate thickness 
at which the structure needs to be renewed 
subject to a Class Surveyors approval. 
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Repair 


‘Repair-Location’ 


Rule Thickness 


Scantlings 


Space 


Stiffener 


Sub-Space 


Substantial 
Corrosion 


‘Surface’ 


‘Survey Level’ 


Thickness 
Measurements 


Transverse 
Section 


‘Zoomed’ Image 


a ‘survey level’ within LRHCM which can 
be applied to all Class and owner's surveys 
to plan and record any repairs to be under- 
taken for the existing or any previous 
survey. 


drawing showing the location of planned 
coating or steel renewals for a surface in 
an internal space or on the external hull. 


the required plate, stiffener or face-plate 
thickness according to LR Rules. 


the original, Rule and renewal thickness of 
a plate, stiffener or plate in accordance 
with LR Rules. 


any internal space in a ship, including 
tanks, holds and voids. 


a secondary member attached to a plate on 
an internal surface in a space or on the 
external hull. The stiffener may be longi- 
tudinal, vertical, horizontal or inclined 
and comprise a web and can additionally 
have a symmetric, asymmetric or bulb 
flange termed a face-plate. 


small sub-space in an internal ballast tank 
or stool space bounded by one or more of 
transverse frames or diaphragms, longi- 
tudinal or horizontal girders. 


wastage of individual plates and stiffeners 
in excess of 75 per cent of allowable 
margins, but within acceptable limits. 


a drawing of any primary structure within 
an internal space or for the external hull, 
(including deck,  side-shell, bottom, 
longitudinal bulkheads, transverse bulk- 
heads, inner bottom, frames, girders and 
stringers). 


grouping of survey, inspection and repair 
data for an individual survey for ‘Overall 
Surveys’, ‘General Examination’, ‘Thick- 
ness Measurements’, ‘Close-up Survey’ and 
‘Repairs’. 


gaugings on any surface in an internal 
space or on the external hull for any Class 
or owner's survey. 


all longitudinal members such as plating, 
longitudinals and girders at the deck, side, 
bottom, inner bottom, and hopper side 
plating, longitudinal bulkheads and bottom 
plating of top wing tanks. 


a user defined enlarged part of a ‘surface’ 
or ‘drawing’ displayed within LRHCM. 


o 


APPENDIX I: LRHCM MODELLING 
CONVENTIONS 


1.1 Drawing and Space Name Conventions 


Each ‘drawing’ has a unique code name together with a 
surface ‘type’ identifier which indicates the surface or 
drawing category. The naming convention is based on the 
Tanker Structural Co-operative Forum guidelines for double 
hull tankers (Ref. 20) and where relevant these are also applied 
to bulk carriers. Recommended drawing names for tankers 
and bulk carriers are given in Table [.1. 


Table |.1 - Recommended Drawing Names for LRHCM System 
pba baa 


‘Drawing’ 
Code 


‘Drawing’ 
Description 


DP Deck Plating 


HATCHn Hatch Cover No. n 


ss/P 
SS/S 


Port Side Shell 
Starboard Side Shell 


BP Bottom Plating 


IBP Inner Bottom Plating 
LB/C 
LB/P 
LB/S 
WB/C 
IH/P 
IH/S 
TT/P 
TT/S 
HT/P 
HT/S 


Centreline Longitudinal Bulkhead 

Port Longitudinal Bulkhead 

Starboard Longitudinal Bulkhead 
Centreline Wash Bulkhead 

Port Inner Hull 

Starboard Inner Hull 

Port Tank Top Sloping Plating 
Starboard Tank Top Sloping Plating 
Port Hopper Tank Sloping Plating 
Starboard Hopper Tank Sloping Plating 


TBn 
TWBn 


Transverse Bulkhead at Frame No. n 
Trans Wash Bulkhead at Frame No. n 


TFn Transverse Frame No. n 


BP-CLG # 
BP-LGn/P # 
BP-LGn/S # 


Centreline Longitudinal Girder 
Port Longitudinal Girder 

Starboard Longitudinal Girder 
TBn-STm # Transverse Stringer No. m 


IH/P-HGn # 
IH/S-HGn # 


Port Horizontal Girder No. n 
Starboard Horizontal Girder No. n 


# Note: A Girder or Stringer requires a surface name to which it is 
attached. 


Drawings are generated of the external hull for the deck 
plating, side-shell (port and starboard) and bottom plating. 
Internally, separate drawings are generated for each 
longitudinal bulkhead and girder, all transverse bulkheads 
and frames, inner bottom if present and each horizontal 
stringer and girder. Any stiffeners or faceplates are included 
on a particular drawing irrespective of which side of the 
surface they are attached. A seam needs to be selected to define 
the separation of the side-shell from the bottom plating and 
it is recommended that the bilge plate is included as a bottom 
plate. Where two plates form on the bilge radius the lower can 
be assigned to the bottom plating and the upper to the side- 
shell plating. The boundary between the bottom and side 
plating at the fore and aft ends is determined by following, 
where practical, the bilge strake fore and aft. 

If any of the lower side shell longitudinal stiffeners are on 
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the bilge plate these are represented as a bottom plate stiffener. 
Due to the curvature of the plates at the fore and aft ends it is 
also possible for the extreme ends of stiffeners to cross from 
the bottom plating into the side shell plating or vice-versa. If 
this occurs the appropriate stiffeners are segmented so that 
they are on the associated side-shell or bottom plating. 

A drawing can be of double skin construction to allow for 
double skin transverse bulkheads and the stools above and 
below corrugated bulkheads in bulk carriers. The plating for 
these surfaces is represented twice and identified as fore and 
aft plating. Internal spaces between double skin surfaces such 
as stool spaces can be modelled if necessary. 

Each hatch cover on a bulk carrier is represented as a 
‘drawing’ where the upper surface is shown together with the 
hatch coamings and any supporting or internal stiffeners or 
girders. If a lower surface exists this is shown together with 
any end faces on a separate part of the drawing. No facility 
exists to model any internal space of a hatch cover. 

Each space on the ship is also assigned a unique code which 
is made up of characters which describe its function, a number 
indicating its longitudinal position and characters describing 
its transverse, and if necessary vertical, position. The 
recommended convention is that spaces are numbered from 
fore to aft and example codes are shown in Table 1.2. Each 


Table I.2 - Recommended Space Names for LRHCM System 


‘Space’ 
Code 


Description 


CTnC Centre Cargo Tank No. n 


CTnP Port Cargo Tank No. n 
CTnS Starboard Cargo Tank No. n 
CHn Cargo Hold No. n 
BTnP Port Ballast Tank No. n 
BTnS Starboard Ballast Tank No. n 


BTnP/W Port Wing Ballast Tank No. n 


BTnS/W Starboard Wing Ballast Tank No. n 


BTnP/DB Port Double Bottom Ballast Tank No. n 
BTnS/DB Starboard Double Bottom Ballast Tank No. n 
BTnP/TS Port Topside Ballast Tank No. n 
BTnS/TS Starboard Topside Ballast Tank No. n 
BTnP/HT Port Hopper Ballast Tank No. n 
BTnS/HT Starboard Hopper Ballast Tank No. n 
STnP Port Slop Tank No. n 
STnS Starboard Slop Tank No. n 


CSTnC 


Centre Cargo Slop Tank No. n 


space is normally a tank or cargo hold which can be bounded 
by up to a maximum of six ‘bounding’ surfaces. Frames, 
girders and stringers are normally internal surfaces to a space 
but can bound more than one space. If necessary a non oil- or 
water-tight surface can be used as a bounding surface since 
‘L’ or ‘U’ shaped tanks need to be subdivided since a 
‘bounding surface’ cannot be made up of surfaces from more 
than one ‘drawing’. 


Each ‘drawing’ name defines a surface in the ship over its 
full extent. However, parts of the drawing may be of different 
surface type according to the space it is in, for example a 
transverse bulkhead could have the associated structure in the 
wing tanks as frames. A further example is the inner hull of a 
double hull tanker which has a surface type of ‘LB’ for an oil- 
tight longitudinal bulkhead but the structure in the double 
bottom ballast tanks is of ‘LG’ since it is a longitudinal girder. 


1.2 Plate, Face-plate and Stiffener Representation 


Each ‘drawing’ is made up of in-plane plates which are 
uniquely defined by a plate code in relation to a particular 
‘drawing’ but the code may be repeated on another drawing. 
Cut-outs on plates are also modelled. Face-plates are 
represented on frames, girders and stringers. Longitudinal, 
vertical and horizontal stiffeners are represented on all 
surfaces. Out of plane brackets are currently not modelled. 
Each plate is modelled once within the system and those 
which bound more than one space are automatically identified 
during the modelling process. This allows survey data to be 
associated either for separate sides of a plate, such as for 
coatings, or on both sides such as for thickness measurements 
irrespective of which surface side the readings are taken. 

A code is defined by a combination of the following details 
for each individual plate, face-plate or stiffener: 


¢ acharacter ‘code’ which is the strake letter code for deck, 
shell and bulkhead plating or a meaningful description 
for frame, girder and stringer plates and face-plates. The 
assigned number is used for stiffeners and this can include 
a letter, for example 34a. If only a letter is used for a 
stiffener it is recommended that this is prefixed by the 
relevant number to retain the stiffeners in the order they 
appear on the original drawing (e.g. ‘A’ would be input 
as ‘0A’). 


¢ a numeric ‘number’ which is the plate number which 
defines, where relevant, the sequential number of the plate 
for deck, shell, inner bottom and longitudinal or 
transverse bulkheads. This defines the longitudinal or 
transverse position of the plate. It is recommended that 
plate ‘0’ is the plate which includes midships or the 
centreline numbered positive forward or to starboard. 


¢ a single character ‘position’ which defines, where 
required, the transverse position on the ship of the plate, 
face-plate or stiffener. This can only be either P, S or C for 
port, starboard and centre respectively. Note that any 
vertical position is usually defined as part of the plate 
character ‘code’ (e.g. MU, ML for a split strake M). 


It should be noted that the ‘position’ character is not 
required for surfaces which have a ‘drawing’ code which 
uniquely defines the transverse position on the ship such as 
port and starboard longitudinal bulkheads (LB/P and LB/S). 


¢ a ‘segment’ number which allows plates, face-plates and 
stiffeners with the same plate ‘code’, ‘number’ and 
‘position’ to be sub-divided to allow a change of Rule and 
original thickness. Typical examples of this are brackets 
on frames and stringers which have strengthened inserts. 
The ‘segment’ record is also used by LRHCM to allow 
plates to be split during repairs. 


The ‘code’, ‘number’, ‘position’ and ‘segment’ records can 
contain any appropriate combination of information to 
uniquely define a plate, face-plate or stiffener on an individual 
surface. The same combination can be used on other surfaces 
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since the ‘drawing’ and ‘surface’ names are used to uniquely 
define the plate. Meaningful plate definitions are desirable for 
structures such as the external hull and internal bulkheads 
and any coding conventions on the ship’s plans should be 
retained. These include strake letters and stiffener numbers. 
It is not essential that codes on internal frames and girders are 
defined in such a way as to assist in understanding their 
location. For example, the web plating, brackets and stiffeners 
on a frame could be labelled sequentially as ‘WB1’-’WBn’ or 
‘ST1’-STn’. 

All surface drawings are represented geometrically in two 
dimensions. It is desirable, however, that out of plane surfaces 
can be shown on drawings for referencing purposes to assist 
in the practical planning, data collection and reporting 
procedures. Allowable ‘reference’ surfaces are bulkheads, 
inner bottoms, frames, girders and stringers. The ‘sectional’ 
geometry of longitudinal stiffeners are also included for 
display on ‘drawings’ of transverse frames, transverse 
bulkheads and stringers. No survey results can be associated 
with the ‘reference’ items on a ‘drawing’. 


1.3 Summary of Data Requirements 


In order to represent a ship for use by the Hull Condition 
Monitoring program LRHCM the following data needs to be 
provided. The data is produced during the modelling 
procedure by Lloyd’s Register and is stored in database tables 
for each individual ship. Any repairs which result in 
geometric changes are also documented in the database tables. 
¢ the general ship particulars; 

¢ a list of all steel grades used in the ship; 

¢ alist of ‘drawing’ codes; 


¢ a list of ‘space’ codes; 


For each ‘drawing’ the following information: 


¢ the geometric profile of each ‘drawing’, 


e the geometric profile and code of each ‘space’ which 
bounds or is fully enclosed by the ‘drawing’, 


¢ code, steel grade, Rule and original thickness and geom- 
etry of each plate, face-plate or cut-out, 


¢ code, steel grade, Rule and original thickness and 
geometry of each stiffener (web and face-plate), 


¢ code and geometry of all ‘reference’ items. 


[er ) APPENDIX Il: PLANNING OF AN ENHANCED SPECIAL SURVEY 


I1.1 Recommended Planning Document Format 


As described in Reference 19 it is recommended that the following information is included in the planning document for an 
Enhanced Survey. 


SPECIAL SURVEY PROGRAMME DATE: 

1. SHIPS PARTICULARS 
SHIPS NAME 
LR. NUMBER 
TYPE OF SHIP:- OIL TANKER, CHEMICAL TANKER, ORE/OIL, OBO, BULK CARRIER1 
DATE OF BUILD 
SPECIAL SURVEY I, II, II] OR IV 

>) DUE DATE OF SPECIAL SURVEY 

DUE DATE OF DOCKING SURVEY 


TYPES OF CARGO CARRIED 
I.E. CRUDE OIL, OIL PRODUCTS, ORE, COAL, GRAIN ETC 


N 


GENERAL PLAN 
1. Where and when will the Special Survey be held? 


2. Where and when will the docking survey be held? 


os) 


. Where and when will thickness measurement be carried out? 


= 


. Which company will perform thickness measurement? 


ol 


. How will the Close-up Survey be carried out; e.g. temporary staging, moveable platforms, etc? 


3. CLOSE-UP SURVEY 


re) PROPOSED LOCATIONS AND EXTENT OF CLOSE-UP SURVEYS ARE AS FOLLOWS: 


4. THICKNESS MEASUREMENT 


PROPOSED LOCATIONS AND EXTENT OF THICKNESS MEASUREMENT ARE AS FOLLOWS: 
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5. TANK/HOLD PARTICULARS @ 


The ship’s configuration is indicated on the diagram below. 


(Alternatively an A4 size general arrangement or similar showing tank/hold arrangements and usages may be submitted.) 


The following table should provide details of all the tanks in the cargo length, their contents type, method of corrosion protection 
and condition of any coating in the tank. 


Tank/Hold Tank/Hold Type Corrosion Protection 


Coating Condition 
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Notations: 

Tank Type: SBT = segrated ballast tank, C.O. = Cargo oil, WBT = water ballast tank, SP = slop tank 
Protection: C = recognised coating, A = anodes, NP = no protection 

Coating Condition: 


GOOD = condition with only minor spot rusting affecting not more than 20% of areas under consideration, €.g. On a deck transverse , side 
transverse, on the total area of platings and stiffeners on the longitudinal structure between these components, etc. 


FAIR = condition with local breakdown at edges of stiffeners and weld connections and/or light rusting over 20% or more areas under 
consideration 


POOR = condition with general breakdown of Coating over 20% or more of areas or hard scale at 10% or more of areas under consideration 
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9 11.2 Thickness Measurement and Close-up Survey Requirements 


As described in Reference 19 the following areas need to be inspected as p 


during an Enhanced Special Survey for Oil Tankers and Bulk Carriers. 


Close-up Survey - Oil Tankers (Table 3.7.1, Ref. 4) 


art of the close-up survey and thickness measurements 


Special Survey | 
(Ships 5 years old) 


Special Survey II 
(Ships 10 years ola) 


Special Survey Il aI 
(Ships 15 years old) 


Special Survey lV 
(Ships 20 years old and over) 


1) - ONE WEB FRAME RING - 
iN a wing ballast tank, if any, 
or a Cargo wing tank used 
primarily for water ballast 
(see Note 1) 


2) - ONE DECK TRANSVERSE - 
in a cargo tank 
(see Note 2) 


3) - ONE TRANSVERSE 
BULKHEAD - (see Note 4): 
a) in a ballast tank 
b) in a cargo wing tank 
C) in a cargo centre tank 


+ — 


1) -ALL WEB FRAME RINGS - 
in a wing ballast tank, if any, 
or a cargo wing tank used 
primarily for water ballast 
(see Note 1) 


2) -ONE DECK TRANSVERSE - 
(see Note 2): 


a) in each of the remaining 
ballast tanks, if any 

b) in a cargo wing tank 

c) in two cargo centre tanks 
3) -BOTH TRANSVERSE 

BULKHEADS - in a wing 

ballast tank, if any, or a 

cargo wing tank used 


primarily for water ballast 
(see Note 3) 


4) -ONE TRANSVERSE 
BULKHEAD - (see Note 4): 


a) in each remaining ballast 
tank 
b) in a cargo wing tank 


c) in two cargo centre tanks 


=| 


1) -ALL WEB FRAME RINGS - 
(see Note 1): 


a) in all ballast tanks 
b) in a cargo wing tank 


2) -ONE WEB FRAME RING - 
in each remaining cargo 
wing tank (see Note 1) 


3) —-ALL TRANSVERSE 
BULKHEADS - in all cargo 
and ballast tanks 
(see Note 3) 


4) -ONE DECK AND BOTTOM 
TRANSVERSE - in each 
cargo centre tank 
(see Note 5) 


5) —As considered necessary by 
the Surveyor (see Note 6) 


1) —As Special Survey III 


2) —Additional transverse areas 
if deemed necessary by the 
Surveyor 


Notes: 


structural members 


Close-up Survey - ore/bulk/oil ships (Table 3.7.3, Ref. 4) 


1) -Complete transverse web frame ring including adjacent 


2) —Deck transverse including adjacent deck structural members 


3) — Transverse bulkhead complete — including girder system and 
adjacent members, and adjacent longitudinal bulkhead structure. 


4) - Transverse bulkhead and lower part — including girder system 
and adjacent structural members 


5) —Deck and bottom transverse including adjacent structural 


members 


6) —Additional complete transverse web frame ring 


Special Survey | 
(Ships 5 years old) 


——— 


Special Survey Il 


i (Ships 10 years old) 


Special Survey Il 
(Ships 15 years old) 


Special Survey IV 
(Ships 20 years old and over) 


1) — 25% of frames and their 
end attachments in the 
forward cargo hold at 
representative positions 


2) — Selected frames and their 
end attachments in 
remaining cargo holds 


3) - One transverse web with 
associated plating and 
longitudinals in two 
representative water ballast 
tanks of each type (i.e. 
topside, hopper side or side 
tank) 


4) — Two selected cargo hold 
transverse bulkheads 
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1) - 25% of frames and their end 


attachments in the forward 
cargo hold at representative 
positions 


2) — Selected frames and their 
end attachments in 
remaining cargo holds 


3) - One transverse web with 
associated plating and 
longitudinals in each water 
ballast tank (i.e. topside, 
hopper side or side tank) 


4) — Forward and aft transverse 
bulkhead in one side ballast 
tank, including stiffening 
system 


5) — One transverse bulkhead in 
each cargo hold 


1) — 25% of frames and their end 
attachments in all cargo 
holds 


2) — All transverse webs with 
associated plating and 
longitudinals in each water 
ballast tank (i.e. topside, 
hopper side or side tank) 


3) — All transverse bulkheads in 
ballast tanks, including 
stiffening system 


4) — All cargo hold transverse 
bulkheads 
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1) — All frames and their end 
attachments in all cargo 
holds 


2) — All transverse webs with 
associated plating and 
longitudinals in each water 
ballast tank (i.e. topside, 
hopper side or side tank) 


3) - Alll transverse bulkheads in 
ballast tanks, including 
stiffening system 


4) — All cargo hold transverse 
bulkheads 


Thickness Measurement - Oil Tankers, ore/oil and ore/bulk/oil ships (Table 3.7.4, Ref. 4) 


Special Survey | Special Survey II Special Survey Ii! Special Survey IV 
(Ships 5 years old) (Ships 10 years old) (Ships 15 years old) (Ships 20 years old and over) 


1) — One section of deck plating 
for the full beam of the ship 
within 0.5L amidships in 
way of a ballast tank, if any, 
or a cargo tank used 
primarily for water ballast 


2) —- Measurements for general 
assessment and recording 
of corrosion pattern of the 
structural members subject 
to close-up survey in 
accordance with 
Table 3.7.1 or Table 3.7.3, 
Ref. 4 


3) — Critical areas, as required 
by the Surveyor 


1) — Within the cargo tank 
length: 


a) Each deck plate 
(see Note 1) 


b) One transverse section 


2) —- Measurements for general 
assessment and recording 
of corrosion pattern of the 
structural members subject 
to close-up survey in 
accordance with Table 3.7.1 
or Table 3.7.3, Ref. 4 


3) — Selected cargo hold hatch 
covers and coamings 
(plating and stiffeners) 


4) - Selected areas of deck 
plating inside line of 
openings between cargo 
hold hatches 


5) — Selected wind and water 
strakes outside the cargo 
tank length 


6) — Critical areas, as required by 
the Surveyor 


1) — Within the cargo tank 
length: 


a) Each deck plate 
(see Note 1) 


b) Two transverse sections 
(see Note 2) 


2) — Measurements for general 
assessment and recording 
of corrosion pattern of the 
structural members subject 
to close-up survey in 
accordance with Table 3.7.1 
or Table 3.7.3, Ref. 4 


3) — All cargo hold hatch covers 
and coamings (plating and 
stiffeners) 


4) — All deck plating inside line of 
openings between cargo 
hold hatches 


5) — Selected wind and water 
strakes outside the cargo 
tank length 


6)- All wind and water strakes 
within the cargo tank length 


7) — Critical areas, as required by 


the Surveyor 


1) — Within the cargo tank 
length: 


a) Each deck plate 
(see Note 1) 


b) Three transverse 
sections 
(see Note 3) 


c) Each bottom plate 


2) —- Measurements for general 
assessment and recording 
of corrosion pattern of the 
structural members subject 
to close-up survey in 
accordance with 
Table 3.7.1 or Table 3.7.3, 
Ref. 4 


3) — All cargo hold hatch covers 
and coamings (plating and 
stiffeners) 


4) - All deck plating inside line of 
openings between cargo 
hold hatches 


5) — Selected wind and water 
strakes outside the cargo 
tank length 


6) - All wind and water strakes 
within the cargo tank length 


7) — Critical areas, as required 


Note 1: For ore/oil and ore/bulk/oil ships only the deck plating outside line of cargo hold hatch openings is to be measured. 
Note 2: One of the two transverse sections is to be in way of any salt water ballast tanks within 0.5L amidships. 
Note 3: Two of the three transverse sections are to be in way of any salt water ballast tanks within 0.5L amidships. 
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The table below gives the maximum allowable diminution levels of individual plates and stiffeners of ships structure. 


MAXIMUM DIMINUTION OF INDIVIDUAL PLATES AND STIFFENERS (Table I, Appendix 3, Ref. 24) 
™ 
STRUCTURAL ITEM CATEGORY 1 SHIPS CATEGORY 2 & 3 SHIPS REPORT 
FORM 
Hull envelope: individual plates, shell and deck plating recorded along the strake 20% 30% T1 
(deck, bottom, side, wind and water) See note 2 
Hull envelope: transverse sections, plates recorded by frame number and strake 20% 30% TM2(a)/ 
position (deck and sheer/bottom and side) TM2(b) 
Longitudinal structural members Plating 20% 30% T™3 
Stiffeners 25% 25% See note 3 
Transverse structural members in C.O. and W.B. Tanks 20% 25% TM4 
W.T. and O.T. transverse bulkheads Plating 25% 30% TM5 
(including deep tank bulkheads) 
Stiffeners and 25% 25% 
Corrugated 
Bulkhead Plating See note 4 
Miscellaneous structural members Plating 25% 30% TM6 
Stiffeners 25% 25% 
=| 


Cargo hold transverse frames and end brackets 


Note 1: 
Note 2: 


Note 3: 
Note 4: 


Note 5: 


Note 6: 


NOTES 


20% L 25% TM7 


For ships with (cc) notation Surveyors should compare the measurements with the original Rule thickness and not the reduced, as built, scantlings which were approved in 
association with a (cc) notation. 


For Oil Tankers of Category 1 the strength deck residual buckling thickness requirement is to be complied with in accordance with LR’s requirements as advised by the 
attending surveyor. 


Where extensive additional readings are taken of continuous longitudinal plating these may be reported on form TM1 or TM6. 


Dry bulk cargo ship transverse bulkheads of corrugated construction 

The maximum allowable diminution is as follows:- 

(a) Cargo Holds designed to be fully filled with salt water ballast (deep tank) — 25% 

(b) Cargo Holds designed to partially filled with salt water ballast and the aft transverse bulkhead of No. 1 Cargo Hold — 15% 
(c) Remaining cargo hold transverse bulkheads — 20% 


For definition of ship category, see Table II, Note 6. 


The maximum diminutions are for the average thickness measured over the plate area or over the length between supports. 
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The table below gives the maximum allowable diminution for topside area and bottom area based upon longitudinal strength requirements. 


MAXIMUM DIMINUTION OF TOPSIDES AND BOTTOM AREA (Table II, Appendix 3, Ref. 24) 


CATEGORY 1 SHIPS CATEGORY 2 SHIPS CATEGORY 3 SHIPS + 
STRUCTURAL ITEM over at over at over at REPORT 
0.5L 0.075L 0.5L 0.075L 0.5L 0.075L FORM 
amidships from ends amidships from ends amidships | from ends 
| 
Topside Area Plating 10% 20% 10% 30% 15% 30% TM8 
Assessment as reported 
on TM2(a) and TM3 Longitudinals 25% 15% 25% 20% 30% See note 4 
Bottom Area Plating — Single 10% 30% 15% 30% TM8 
Assessment as reported Bottom Construction 
on TM2(b) and TM3 Plating — Double bo 15% 30% 20% 30% See note 4 
Bottom Construction 
Longitudinals 15% 25% 20% 30% 
NOTES 


Note 1: Intermediate values are to be obtained by linear interpolation. 
Note 2: Topsides area comprises deck (outside line of openings for dry cargo ships), stringer and sheer strake (including rounded gunwales) together with associated longitudinals. 
Note 3: Bottom area comprises keel, bottom and bilge plating together with associated longitudinals. 


Note 4: For ships of Category | and 2 a greater diminution may be permitted over 0,5L amidships provided the hull girder section modulus, using the actual gauged thicknesses, is not 
less than 90 per cent of the Rule section modulus as a new ship. A reassessment of scantlings would be required where consideration of this is requested. 


Note 5: For ships with (cc) notation, see Table I, Note 1. 


Note 6: Ship categories are defined as follows:- 


Category I: Oil Tankers, chemical tankers, dry bulk cargo ships, combination carriers and liquefied gas ships having a length L equal to or greater than 90 metres. 
Category 2: All remaining ship types not included in Category 1 and having a length L equal to or greater than 90 metres. 

Category 3: All ship types having a length L less than 90 metres. 

(L is the Rule length defined in Part 3, Chapter 1.6.1 of the Rules for Ships.) 


Note 7: Where the diminution of topside area or bottom area (plating and longitudinals) is in excess of 0.75 of the values given above, additional transverse sections are to be measured 
as recommended by the Surveyor. 
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The diagram below provides a method for linear interpolation as required by Note 1 of Table II, Ref. 24. 


Y = % diminution at 0,075L from ends 


X = % diminution 
over 0,5L amidships 


ae 


oe 


nt On7SE 0.5L O175L | 
0,07 ? 
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Maximum allowable diminution at 

transverse section Z-Z = X + A(Y— x) % 
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REPORT ON THICKNESS MEASUREMENT OF ALL DECK PLATING, oo 
Ss 
ALL BOTTOM SHELL PLATING OR SIDE SHELL PLATING* 22 
=) 
wz 
{e 
Ship’s Name LR No. Report No. a i} 
g 
a 
o) 
nN 
STRAKE nee 
POSITION z. 
PLATE NO. ORG. FORWARD READING AFT READING MEAN DIMINUTION 5 
POSITION OR THK. GAUGED DIMINUTION P DIMINUTION S GAUGED DIMINUTION P DIMINUTION S % Z 

LETTER mm P S mm % mm % Pr S mm % mm %o P § 

= zy |_mm | | mm | fe soll ef ag 
| 4 z 
11th | c 
10th ae a | é 
oth. | 7 z 
t —+ — — 3 
8th. = g 
‘4. 4 8 
[6th T | 5 
5th a [ | | S 
4th | if 
3rd | E 
7 io” 
2nd le if | | + z 
Ist [ = 
+ 4 a 
Amidships : | al | ul a. 
Ist aft | So 
7 | S 
Es = | | | | | & 
3rd [ = 
4th ad a n 
5th z 
6th g. 
~ 2 1 a 
7th | - 
| g 
| ! : 
a | 3 
. + 7 | S 
slink at = eet} 
i 
——y ag 
Operators Signature Surveyors Signature = 
NOTES - See Reverse Q 
wn 
ee z 
=| 
FORM TMI (06/93) * — delete as appropriate a 
ra 


uovIDOSSY [vIIUY Ia] 4a4s18ay s phoyy 


IS 


REPORT ON THICKNESS MEASUREMENT OF SHELL AND DECK PLATING 
(ONE, TWO OR THREE TRANSVERSE SECTIONS) 


Ship’s Name LR No. | Report No. 
STRENGTH DECK AND SHEERSTRAKE PLATING 
FIRST TRANSVERSE SECTION AT FRAME NUMBER SECOND TRANSVERSE SECTION AT FRAME NUMBER [ THIRD TRANSVERSE SECTION AT FRAME NUMBER | 
NO. DIMINUTION | DIMINUTION NO. DIMINUTION | DIMINUTION NO. es hes DIMINUTION | DIMINUTION 
STRAKE on ORG GAUGED e 3 a ORG GAUGED . e op ORG. GAUGED = . 
POSITION | THK. | THK. } 7 THK. 7 
LETTER | Is S mm %o mm Te elt LETTER P 5 mm_ | % mm %o [LETTER P S mm % mm 
Stringer Plate | 
at es 4 ———— = = = = = i = — at. ns 
Ist strake inboard 4 
| | =] -_ in - _ : : 
2nd ae 7 _ _ els | S | | Ie : 
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Operator’s Signature Surveyor’s Signature 
NOTES - See Reverse 
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REPORT ON THICKNESS MEASUREMENT OF SHELL AND DECK PLATING 
(ONE, TWO OR THREE TRANSVERSE SECTIONS) 


ki No. 


FIRST TRANSVERSE SECTION AT FRAME NUMBER 


———— —— 


Ship’s Name 


| Report No. 


SHELL PLATING 
SECOND TRANSVERSE SECTION AT FRAME NUMBER 


[ 


THIRD TRANSVERSE SECTION AT FRAME NUMBER 


WI 
nN 


NO. DIMINUTION | DIMINUTION NO DIMINUTION | DIMINUTION NO. DIMINUTION | DIMINUTION 
STRAKE ORG GAUGED ORG. GAUGED ORG. GAUGED 
OR P S OR iF S OR is S 
POSITION THK ——1 T = THK. } 2 7 T = THK. = t T T 
LETTER S mm P S mm mm %e LETTER P S mm Te mm % 


Ist below sheer strake 


8th 

9th 

10th 
11th 
12th 
13th 
14th 
15th 
16th 
17th 
18th 
19th 
20th 


keel strake 


Operator's Signature 


Surveyor’s Signature 


NOTES -— See Reverse 


FORM TM2(b) (06/93) 


UOlvIDOSsY [VIIUY Ia] 4a}s18ay s pho] 


ol 
ss) 


REPORT ON THICKNESS MEASUREMENT OF LONGITUDINAL MEMBERS 
(ONE, TWO OR THREE TRANSVERSE SECTIONS) 


Ship's Name 


LR No 


Report No 


FIRST TRANSVERSE SECTION AT FRAME NUMBER SECOND TRANSVERSE SECTION AT FRAME NUMBER THIRD TRANSVERSE SECTION AT FRAME NUMBER 
] DIMINUTION DIMINUTION - DIMINUTION DIMINUTION DIMINUTION DIMINUTION 
STRUCTURAL ITEM ORG GAUGED . a ITEM ORG GAUGED . : ITEM ORG GAUGED :; 
be Ss 7 Ss 
MEMBER NO. THK = T NO. THK. = NO. THK 
P s mm mm s mm mm Te Ss mm mm 

if 
1 


Operators Signature 


Surveyors Signature 


NOTES — See Reverse 


FORM TM3 (06/93) 


UOLVIIOSSY JUIUYIay. 4a}818ay s phoy] 


REPORT ON THICKNESS MEASUREMENT OF TRANSVERSE STRUCTURAL MEMBERS 
IN THE CARGO OIL AND WATER BALLAST TANKS WITHIN THE CARGO TANK/HOLD AREA 


Ship’s Name | LR No. Report No. 
TANK DESCRIPTION: 
LOCATION OF STRUCTURE: 
| ORIGINAL a a DIMINUTION _| DIMINUTION _| 
STRUCTURAL MEMBER ITEM THICKNESS{ en re ae 
4 mm PORT __|STARBOARD| __mm % | itu % | 
; rs T =i | 


Operators Signature 


Surveyors Signature 


NOTES -— See Reverse 


FORM TM4 (06/9 


UOlDIIOSSY [VIIUYIAL 49}S13ay s phoy] 


gS 


_ 


———_—__—__ 


REPORT ON THICKNESS MEASUREMENT OF W.T./O.T. TRANSVERSE BULKHEADS 
(ey" = WITHIN THE CARGO TANK OR CARGO HOLD SPACES 


Ship’s Name 


LR No 


Report No. 


TANK/HOLD DESCRIPTION: 


LOCATION OF STRUCTURE: FRAME NO.: 

ORIGINAL DIMINUTION IMINUTION 

STRUCTURAL COMPONENT GAUGED Soni 

THICKNESS P S 
(PLATING /STIFFENER) : 4 
mm___|__ PORT _ STARBOARD] mm % mm 
- a - 
- — | 
= = | =a 

—t 


Operators Signature 


Surveyors Signature 


NOTES -— See Reverse 


FORM TMS (06/93) 


UOYVIDOSSY [VIUY Ia], 4a}s18ay s phoyy 


REPORT ON THICKNESS MEASUREMENT OF 
MISCELLANEOUS STRUCTURAL MEMBERS 


Ship’s Name LR No. Report No. 
STRUCTURAL MEMBER: SKETCH 
E 
LOCATION OF STRUCTURE: 
* : DIMINUTION DIMINUTION 
= f ORG. GAUGED 
DESCRIPTION P; 5 
THK. : T a ie 
E S mm % mm % 


Operators Signature 


Surveyors Signature 


NOTES -— See Reverse 


FORM TM6 (06/93 


HOlvIDOSSY [vIUYIay, 49}S189y s phoyy 


ZS 


REPORT ON THICKNESS MEASUREMENT OF 
CARGO HOLD TRANSVERSE FRAMES 


Ship’s Name LR No Report No. 
CARGO HOLD NO. 
UPPER PART MID PART LOWER PART 
FRAME : y 4 DIMINUTION | DIMINUTION = Bye he DIMINUTION — DIMINUTION i, : DIMINUTION DIMINUTION 
ORG. GAUGED ORG. GAUGED = ORG GAUGED 
NUMBER Sew E S S08 P S ; E S 
THK. T ; ; THK. j : THK. 
S mm % mm %e it S mm % mm % it 3 mm % mm 


Operators Signature 


Surveyors Signature 


NOTES - See Reverse 


FORM TM? (06/93) 


uoLpvIIOSSY JwIUY Ia] 4ajS18ay s phoy] 


8s 


REPORT ON THICKNESS MEASUREMENT — 
TOPSIDE AND BOTTOM AREA ASSESSMENTS 


Ship’s Name 


LR No. 


Report No. 


FIRST /SECOND/THIRD* TRANSVERSE SECTION AT FRAME NUMBER 


TOPSIDE AREAS BOTTOM AREAS 
; ORIGINAL MEASURED ] ORIGINAL MEASURED 
PLATING THICKNESS THICKNESS ASSESSMENT PLATING THICKNESS | THICKNESS ASSESSMENT 
MEMBERS 7 ta ikea De eer MEMBERS = al >is 
A> glans P S P S P S 
— —— 


Stringer Plate Thickness 


Total Deck Plate Thickness 


% Diminution Port: 


Keel Plate Thickness 


ey 


Total Bottom Shell Thickness 


: 


% Diminution Port: 


Total Deck Girder Thickness 
Longitudinal Bhd Thickness (Upper Strake) 


Total Sheerstrake Longitudinal Thickness 


TOTAL 


| % Diminution Stbd: 


Mean: 


Total Bottom Girder Thickness 


Longitudinal Bhd Thickness (Lower Strake) 


Total Bilge Longitudinal Thickness 


TOTAL 


Sheerstrake Thickness | % Diminution Stbd: Total Bilge Thickness % Diminution Stbd: 
| Mean: | | Mean: 
7 —_ ee _ + ~ 
| | 
2 ee : alas = ae : } a 
TE is ane TOTAL | 
LONGITUDINAL ORIGINAL MEASURED LONGITUDINAL ORIGINAL MEASURED 
paths is THICKNESS | _ THICKNESS _ | ASSESSMENT __THICKNESS THICKNESS ASSESSMENT 
MEMBERS MEMBERS ] 
EF S P S P s P 5 
Total Deck Longitudinal Thickness [ ie % Diminution Port: Total Bottom Longitudinal Thickness | % Diminution Port: 


% Diminution Stbd: 


Mean: 


— 
Operators Signature 


L 


Surveyors Signature 


FORM TMB (06/93) 


NOTES - See Reverse 


* Delete as appropriate 


» 


e APPENDIX V: EXECUTIVE HULL SUMMARY REPORT FORMAT 


As described in Reference 25 an executive summary of the ship is produced by Lloyd’s Register following completion of an 
Enhanced Special survey according to the following format. 


INE: 


Page of 


Executive Summary 
Condition Evaluation Report 


GENERAL 


Name of ship 

Port of registry 

3 National flag 

LR number 

Deadweight 

Gross tonnage 

Date of build 

Date of major conversion 
Type of conversion 


Classification notation 


1. The survey reports and documents listed below have been reviewed and found to be satisfactory. 
A summary of the survey is attached herewith. 


N 


The hull special survey has been completed in accordance with the Regulations on 


@ and a record of SS assigned. 


Issued at London on 


Executive Summary Report prepared by 
Signature 


Executive Summary Report approved by 
Signature - Manager 
Fleet Services Department 


Lloyd’s Register of Shipping 
71 Fenchurch Street, London EC3M 4BS 


Attachments (Reports and documents) 
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Executive Summary 
Condition Evaluation Report - continued 


1 Place of survey 


on 


2 Place of drydock survey 


on 


w 


(a) 


(b) 


(c) 


(d) 


(e) 


on 


(a) 


(b) 


(c) 


(d) 


__——— ee ee ee 2 ee ee ee eS ee ee ee ee eS ee ee ee ee ee ee = ee eee 


Spaces subjected to close-up survey 


(1) web frame rings in Nos. 
(2) web frame rings in 


One web frame ring in Nos. 
starboard cargo oil tank. 


transverse bulkheads in Nos. 
cargo oil tanks, and Nos. 


NE: 
Page 


port and starboard water ballast tanks. 
port and starboard cargo oil tank. 


port and starboard cargo oil tanks and No. 


port and starboard cargo oil tanks, Nos. 
port and starboard water ballast tanks. 


One deck and bottom transverse in Nos. centre cargo oil tanks. 


deck transverse in No. 


4 Thickness measurement report prepared by 


Within the cargo tank length: 


of 


port and 


centre 


centre, port and starboard cargo oil tank(s), and Nos. 
port and starboard water ballast tanks. 


5 Spaces and areas subjected to thickness measurement 


(1) Each deck plate. 
(2) Transverse sections at frame Nos. 
(3) Each bottom plate. 


Measurements for general assessment and recording of corrosion pattern of the structural 
members subject to Close-Up surveys as above in (3). 


Selected wind and water strakes outside the cargo tank length. 


All wind and water strakes within the cargo tank length. 


Lloyd's Register Technical Association 


SEE THICKNESS MEASUREMENT REPORT ATTACHED 


60 


Executive Summary N°: 


Condition Evaluation Report - continued Page of 
6 Assessment of protective coating system 
Z Summary of repairs, renewals or alterations 


8 Conditions of class 


9 Relevant memoranda details 


10 Conclusion SPECIAL SURVEY NO............. HAS BEEN COMPLETED AND AN ESP NOTATION 
ASSIGNED, THE SHIP WAS FOUND TO TO BE IN A SATISFACTORY CONDITION TO 
MAINTAIN CLASS FOR A PERIOD OF 5 YEARS, PROVIDED THE REGULATIONS FOR 
PERIODICAL SURVEYS ARE COMPLIED WITH. 
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ae Summary N°: 


Condition Evaluation Report - continued Page of 


3. Extracts from Thickness Measurement report of spaces with substantial corrosion! 


fe 3 ; 
Position Reported Percentage Corrosion pattern? | Remarks 
ie. spaces or areas Thickness Diminution 
ae 


Ce et pte jt ihe L - 


1 Substantial corrosion is wastage of individual plates and stiffeners in excess of 75% of allowable margins, but within acceptable limits 


2 Corrosion pattern will be described as (a) pitted, (b) localised or (c) general 
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Executive Summary N°: 
Condition Evaluation Report - continued Page of 


4, Condition of Salt Water Ballast Tank and Cargo Hold Protective Coatings 


[ Space? Protected Coating | Condition of Protective | Remarks 


System* Coating System? 


en a Oe: Rees || eee Pet 


3 Space refers to all salt water ballast spaces, all segregated ballast tanks, all combined cargo oil/salt water ballast tanks and all cargo holds 
within the cargo tank/hold area. 


4 A protective coating system is defined as follows: 


41 A paint coating AS 

4.2 A cathodic protection system =, 

4.3 A combination of paint coating and anodes -CandA 
44 Where no protective coating systems are fitted - NP 


5 A protective paint coating condition is assessed and reported as follows: 
GOOD condition with only minor spot rusting affecting not more than 20% of areas under consideration, eg. on a deck transverse, side 
transverse, on the total area of plating and stiffeners on the longitudinal structure between these components, etc. 
FAIR condition with local breakdown at edges of stiffeners and weld connections and/or light rusting affecting 20% or more of areas 
under consideration. 
POOR condition with general breakdown of coating affecting 20% or more of areas under consideration or hard scale affecting 10% or more 
of areas under consideration. 


A protective coating found in POOR condition and not repaired requires the space or area in question to be subject to annual survey. Such 
spaces and areas are indicated in the memoranda shown on page 2 of the summary. 
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Marine Technical Library 
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Discussion on the Paper 
SHIPRIGHT LRHCM — A GRAPHICS BASED SURVEY PLANNING, 
REPORTING AND VESSEL EVALUATION SYSTEM 


by 


AK. Brook 


DISCUSSION 
From Mr J.J. Goodwin 


I would like to thank the Author for a very informative 
paper and an entertaining presentation on a subject with 
which I have had a little involvement. Dr Brook has done 
much useful work in determining the practical usefulness of 
the LRHCM system, particularly with regard to survey and 
inspection planning, an approach which is essential for 
successful software development. I have a number of 
questions which I should like to ask: 

(i) Whatactionsare necessary to integrate LRHCM with LR’s 
Classification system, including making LRHCM a Class 
rather than a descriptive notation? 

Bearing in mind that the data recorded in LRHCM 
exceeds that which is required for classification reports, 
does the Author anticipate that owners will ask LR 
Surveyors or even third-party inspection companies, to 
record the details of observations in the LRHCM database 
for them? Will this increase our costs? 

Does the Author see the existence of the LRHCM 
database on-board ship as being a substitute for other 
third-party inspections, such as insurance surveyors, port- 
state control inspections? 

Similar products offered by other classification societies, 
for example the BV Veristar program, use a finite element 
model of the ship structure to record observations on coat- 
ing deterioration and plating thickness degradation. May 
I ask the Author to comment on the validity of this 
approach, which differs from the route LR has taken in 
adopting a product model solution in preference to an 
idealisation. 

How can the ship modelling process be speeded up so that 
the cost of providing LRHCM can be reduced to make it 
more attractive to owners? 


(ii) 


(iii) 


— 


(iv 


To Mr J.J. Goodwin 


With regard to your first question, it is anticipated that 
LRHCM will continue to be a descriptive note in the short 
term, but consideration could be given to it becoming a 
voluntary class notation. There are, however, a number of 
specific areas where the system is expected to become more 
integrated with LR’s classification process, these are as 
follows: 

Firstly, as owners use the system to undertake and record 
their own detailed coating inspections, it is to be expected 
that at a Class Special Survey, owners will wish the results 
available within LRHCM to be considered. This will be 
achieved by the LRHCM coating inspections assisting the 
LR Surveyor in understanding the condition of the tanks 
rather than reducing the number of spaces to be examined. 
Where coating inspections are undertaken by LR approved 
third party inspection companies, consideration is being 
given to allow an auditing procedure to be implemented. 


However, it remains unlikely that the number of spaces to 
be accessed will be reduced, although there may be scope to 
limit the extent of close-up examination in a particular 
space. This of course is best achieved by an owner using the 
LRHCM system to undertake preventative maintenance of 
the coatings. 

A second link between the LRHCM system and Class is 
the planned use of the system at a Special Survey by LR 
approved thickness measurement companies to document 
the class thickness measurements. The new Windows based 
version of LRHCM will have the capability of displaying 
thickness measurements in the required [ACS report format 
and so will satisfy Class requirements. A number of 
thickness measurement companies already have their own 
software and LR have also recently made available through 
the Fleet Services Department, a spreadsheet system to 
generate the IACS report forms. The WinHCM system will 
generate the same forms but with a graphical interface of 
the ship’s structure. Lloyd’s Register and owners will 
obviously need to work closely with thickness measurement 
companies who have their own software systems to ensure 
it is cost effective commercially for a company to operate an 
alternative software system. 

The third direct link to Class is related to the IMO 
requirement that ships subject to an Enhanced Survey 
maintain a copy of the Class survey reports on board ship, 
including the thickness measurements and an Executive 
Hull Summary which is issued by Headquarters (Fleet 
Services Department). It is technically feasible that a paper 
record of the thickness measurements could be dispensed 
with if the LRHCM system is maintained on board ship. 
This would include an ability to access the thickness 
measurements in the approved IACS report format and also 
to view the thickness measurements on three dimensional 
views of the ship’s structure. This change of procedure 
would require [ACS and IMO approval and it would 
initially be proposed that a paper record of other survey 
items such as the close-up survey results and the Executive 
Hull Summary would still be maintained on board. 

As discussed above, it is expected that owners will enter 
inspection results in house as superintendents or crew operate 
the LRHCM system for coating and other inspections. Third 
party inspection companies may also be contracted at Special 
Surveys to enter thickness measurement results into the 
system. It is not envisaged that LR Surveyors will be involved 
in entering data into the LRHCM system as, in many cases, 
the detail of information exceeds that which is required for the 
purposes of Class. Where an owner wishes LR to operate the 
LRHCM system on their behalf, it is planned that this will be 
undertaken by MARSPEC as a consultancy service outside of 
Class. It is proposed, however, that LR Surveyors will have 
access to any available LRHCM data from previous 
inspections prior to a new survey, which will assist their 
understanding of the likely condition of a particular ship and 
also aid in the identification of possible critical areas. 

It is hoped that owners operating LRHCM will have, as a 
priority, improved maintenance and hull condition 
awareness and that potential cost savings in terms of 


reducing the extent of surveys will be a secondary 
consideration. Where a ship is maintained more effectively 
as a result of operating the LRHCM system, an owner is 
likely to gain a significant economic benefit in the longer 
term. It is recognised, however, that operation of the 
LRHCM system must not add significantly to the 
operational costs of either an owner, Lloyd’s Register or a 
third party inspection company. This important requirement 
has been addressed in the software development and will 
continue to be considered as improvements to the software 
features are introduced. 

Your third question relates to the possible use of the 
LRHCM system as a substitute for third-party inspections by 
port state authorities or insurance companies. Although the 
LRHCM system will have the potential to provide such a 
service, it is more likely that it would assist such inspections 
to be undertaken, rather than replacing the need for an 
inspection. The LRHCM system only records the hull 
condition; other aspects such as machinery and safety issues 
would still need to be undertaken as a part of the required 
inspection. Where a third party recognises the LRHCM hull 
inspection data, it is probable that this would be used to 
undertake an audit of the vessel condition, rather than to 
dispense with the hull inspection as a whole. It should be 
noted that there are already procedures in place to vet 
tankers and chemical tankers for chartering purposes. These 
include the Ship Inspection Report Programme of the Oil 
Companies International Marine Forum and the Chemical 
Distribution Institute systems which allow participating 
owners to access other inspections. These systems cover all 
items including hull, machinery and safety aspects. 

The alternative modelling features considered by other 
systems such as BV’s Veristar program were considered in 
the initial stages of the LRHCM development. The use of a 
finite element model does not allow for individual plates 
and stiffeners to be modelled and weakens the advantages of 
the system particularly in relation to the thickness 
measurements and repair features. The data entry process 
for the BV Veristar program will also be more consistent 
with a design program and it is envisaged that the resulting 
product will be unsuitable for operation by superintendents 
and ship’s crew who are not familiar with such specialised 
software systems. The use of a finite element approach will 
also weaken the longer term benefits of the LRHCM system 
in terms of providing trend analyses and other benefits from 
maintaining a complete history of a ship’s condition 
throughout its lifetime. 

The modelling process has seen some improvements with 
the introduction of the new Windows based system. Other 
improvements are also planned to allow reduced geometric 
models to be developed for existing ships by not requiring 
that all plating and stiffener geometry is modelled throughout 
the entire ship. It is planned that a full geometric model will 
be provided externally for the deck and shell plating and 
internally for longitudinal and transverse bulkheads together 
with the inner bottom. This will cater for the majority of areas 
where thickness measurements are required at each of the 
Class Special Surveys during the remaining life of the ship. 
Internal structure such as frames, girders and stringers would 
still be modelled, but only an outline of the surface together 
with any major cut-outs will be displayed. An ability to enter 
thickness measurements on such surfaces will still be possible 
but the operator will need to specify original thicknesses and 
plate codes at the time of data entry. The modelling procedure 
will be completely flexible so that the extent of the ship which 
is modelled to a lower level can be specified by an owner 
according to individual ship requirements. For example, full 
details could be modelled over the cargo region and a lower 


level applied to the fore and aft peak tanks. This flexible 
modelling approach will allow for significant reductions in 
modelling costs for existing ships and could also be extended 
to other ship types. As an example, the requirements for 
thickness measurements of container ships are not as great as 
for tankers and bulk carriers, and the inspection requirements 
would not justify the investment required for a full model of 
the ship. 

It is expected that further improvements and reduction in 
modelling time can be achieved for newbuildings by the 
shipyard providing the ship model or part of the model in 
electronic format. This would save considerable time in 
checking the geometric details and original thicknesses which 
is currently required where AutoCad drawings are developed 
from the ship’s plans. There are, however, a number of 
practical obstacles when shipyards provide the data. These 
include the common use of third party software which would 
need to be modified to provide the necessary data in an 
appropriate format. In order for a shipyard to provide a full 
model of a ship in the final LRHCM format, (incl. associated 
plate, stiffener and surface codes) extensive software 
developments would be required which, understandably, is 
normally beyond a shipyard’s services. A more practical 
approach is for a shipyard to provide data in the most cost 
effective manner and for LR to access the data, convert and 
add to the data as required. This is currently being 
undertaken in collaboration with a shipyard who have 
provided LR with two dimensional AutoCad files. This will 
need enhancing to a three dimensional model and plate codes 
and space definitions added. 

In the longer term, other developments within the 
ShipRight system will provide the basis for the LRHCM 
model, where a shipyard will develop models of the ship for 
plan approval purposes, which will be stored in the 
ShipRight common database. It is proposed that this will be 
a starting point from which the LRHCM model can be 
developed, as further detail is added and the extent of the 
model is increased to include the entire ship. 


From Dr D.S. Aldwinckle 


The Author is to be congratulated on this mammoth piece of 
work. I have three points to raise, which are as follows: 


(i) Could we be given some idea of the development costs 
associated with this very important project? Please include 
all of the sleep lost from waking up in the night thinking 
about the project! 

(ii) Under future developments, the question of the calcula- 
tions of the structural properties was raised, e.g. section 
modulus for damaged ships. This is obviously of interest 
to the Ship Emergency Response Service (SERS), as using 
the latest information from LRHCM, e.g. following thick- 
ness determination measurements, could be advanta- 
geous. The Author's views on systems integration and how 
it could work for damaged ships would be appreciated. 

Backward compatibility of systems is becoming a very 

important consideration and expensive to plan. As the 

Author is aware, most of the databases associated with tech- 

nical systems are program specific. Therefore, how would 

the existing system database interact with the future 
enhancements to LRHCM? I am aware that within TPDD, 
the STEP developments will help to overcome any possible 
problems in this area. This is something that the Safety 

Emergency Response Services Department is concerned 

about for the thousand ships or so that we have in the SERS 

database. 


~— 


(ili 


& To Dr D.S. Aldwinckle 


I would like to begin by addressing the second question 
which relates to section modulus calculations on a damaged 
ship. For ships subject to an Enhanced Survey, the number 
of longitudinal locations where thickness measurements are 
required at a Special Survey for a belt or transverse section, 
increases from one at the second Special Survey when the 
ship is ten years old, to two at the third Special Survey at 
age fifteen years and three at the fourth and any subsequent 
Special Surveys when the ship is twenty years or older. It is 
proposed that, following the second and each subsequent 
Special Survey, the section modulus of the ship is calculated 
taking account of the measured thicknesses at each 
longitudinal location. This could then be provided to the 
SERS department for use in the event of an actual 
emergency as part of a strength calculation. Where two or 
more section modulus calculations are available for the 
corroded scantlings it is most likely that the worst result 
would be applied throughout the length of the ship with an 
appropriate taper outside of the parallel middle body. 

The Enhanced Survey program also requires that 
thickness measurements are taken on each deck plate over 
the entire cargo region at the second and subsequent Special 
Surveys. These results could also be accessed by the SERS 
department to allow a buckling calculation to be 
undertaken as part of the SERS service, at the time of an 
emergency. 

The other two questions relating to development costs 
and backward compatibility with other systems are related. 
The initial LRHCM development has been undertaken over 
a period of five years and started initially with just one 
person investigating the concepts and possible applications. 
About a year later the concept system was demonstrated to 
a number of owners. A working group of tanker operators 
was then established to advise on the development of the 
system. During the next few years as the project evolved a 
number of external developments took place which 
strengthened the need for the LRHCM system. First the 
Enhanced Survey program for oil tankers and bulk carriers 
was introduced in July 1993. This not only increased the 
scope and extent of the survey but also introduced planning 
and reporting requirements which can be satisfied with a 
system such as LRHCM. 

The second development was the mandatory 
introduction of double hull tankers which resulted in the 
ballast spaces having a significantly greater coating area 
than the existing single hull vessels. As a result of this, the 
LRHCM system was enhanced to provide a practical tool to 
assist in undertaking and documenting coating inspections 
beyond the requirements of Class. 

These two changes in external requirements resulted in a 
significant increase in the scope of the software 
development and could be thought of as a frustrating 
movement of the goal posts. However, the timing was ideal 
in that, generally, the change of requirements occurred at 
the right time in relation to the long term project 
development and strengthened the market for such a 
system. 

The development costs have been divided between the 
development of the LRHCM system which an owner uses 
and the development of a system to prepare the geometric 
model of the ship. This involves producing AutoCad 
drawings from the ship’s plans and subsequent translation 
of the data into a format suitable for use by the LRHCM 
system. In terms of backward compatibility, this procedure 
has been successful in terms of the transition from the 
prototype DOS based system to the new Windows based 


LRHCM system. There have been few teething problems in 
making the transition and no significant new developments 
have been required. Some of the challenges which were 
experienced in translating the data from the STEP exchange 
file to the DOS prototype LRHCM system have ‘also been 
overcome, with limited efforts in making the transition to 
WinHCM. 

The subject of backwards compatibility is a challenge the 
IT industry faces as a whole. The LRHCM project 
commenced before it was certain that the Windows 
operating system was the way forward and at the time no 
Windows based databases or screen management software 
were available. The last five years have seen enormous 
developments in both software and hardware tools and 
these have occurred at a faster pace than a large system 
such as LRHCM can be developed. It is anticipated that the 
risk of this occurring in the future is still present, although 
there appears at present to be a lower risk, as many of the 
Windows based products are now evolving rather than 
being replaced by systems which are totally unrelated to 
existing systems. The solution to backward compatibility 
generally lies in the hands of the software industry, 
although there is much the software engineer can now do to 
minimise the risk. 


From Mr. M.A. Brooking 


Dr Brook is to be congratulated on an interesting 
presentation of a piece of work which has been completed 
in a thorough and comprehensive way, with particular 
attention to detail. 

The computer representation of the ship is highly 
detailed, and clearly the preparation of a full LRHCM 
model is quite costly. However, as I understand it, the 
models can be prepared in an AutoCad format and contain 
much information which could be of significant use to 
others. 

The Safety Emergency Response Services Department 
and the LRHCM modelling group have already exchanged 
data in mutually compatible formats in order to reduce the 
costs of data preparation. These benefits can be passed onto 
ship owners and operators who may wish to use a number 
of LR’s services, both within and beyond ShipRight 
procedures. 

Has the Author identified any other potential uses for 
LRHCM databases, so that the costs can be spread and the 
initial set-up fees made more attractive to LR’s clients? 


To Mr M.A. Brooking 


As indicated, the LRHCM model is only one of a number of 
geometric models which are required for a ship. The SERS 
system also requires geometric data to allow strength and 
stability calculations to be undertaken. This data is, 
however, only a small proportion of the data requirements 
of LRHCM. As stated, there has been a successful link 
between SERS and LRHCM so that the available data for a 
ship held on the SERS database can be utilised at the 
commencement of developing the LRHCM model. 

Other ShipRight systems such as Structural Design 
Analysis and Fatigue Design Analysis also require extensive 
geometric models of the ship in order for finite element and 
fatigue analyses to be undertaken as part of the plan 
approval procedure. Although the data requirements for 
these systems are more extensive than for SERS, it is still 
only a proportion of that required for LRHCM. The 
developments which are currently being undertaken will 
ultimately allow the geometric model of the ship to be 


generated at the plan approval stage, such that the LRHCM 
model and other systems will access any available data 
prepared for the other systems. This will be achieved 
through the ShipRight common database and will assist in 
reducing costs and spreading it across a number of other 
ShipRight systems. 


From Mr I. Meaden 


I have two questions which I would like to ask the Author: 


(i) The STEP project, if 1 am not mistaken, aims at the entry 
of similar data into a database, and at an earlier stage in 
the vessel’s life than the LRHCM system. If the LRHCM 
customer has already used STEP for his vessel, then surely 
a direct translation (which I believe is the very nature of 
STEP) to an LRHCM model is all that is necessary. Do 
you therefore see STEP as being one solution to your 
expensive data entry work load? Do you perhaps see 
LRHCM as becoming a proponent of STEP in this way, or 
is it too early in the day for both systems as yet? 

(ii) Who holds the LRHCM model? You say data can be 
entered by all interested parties, but who holds and main- 
tains the definitive model; the owner, the master or LR? 


To Mr I. Meaden 


The STEP project has been used in the development of the 
LRHCM project to provide a standard exchange file. The 
ship models which have been developed to date have used 
LR’s AutoCad modeller, this data is then translated into a 
STEP format. The required data for the LRHCM system is 
then obtained by extracting the appropriate data from the 
STEP exchange file as shown in Figure 1 of the LRTA Paper. 
As illustrated, data can be input to the STEP exchange file 
directly from other sources such as a builder’s CAD/CAM 
system. Hence, the STEP system is assisting in reducing 
development costs where data for the ship model can be 
made available in an existing electronic format. 

The geometric model of the as-built ship is paid for and 
owned by the shipowner but in many cases LR will 
maintain the model on their behalf during the life of the 
ship. In the longer term, it will be possible for owners or 
third party consultancy organisations to develop the 
LRHCM model independent of LR. However, in order for 
the owner to obtain any of the planned Class benefits of the 
system, ship models not developed by LR would require 
approval from LR, to ensure accuracy of geometric details 
and initial rule thicknesses. 

Any survey and inspection data entered into the 
LRHCM system during a ship’s life will also be owned by 
the shipowner, but there will be a requirement for LR to be 
provided with the data in order for the ship to receive the 
descriptive note or any future class notation. The owner 
will, however, retain ownership of the data in the event that 
the ship is sold, although, hopefully it will be of benefit to 
make the LRHCM data available to the new owner to assist 
in assessing vessel condition and the quality of maintenance 
and repairs. 
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1 Introduction 
e 


The speed with which International Maritime Organization 
(IMO) legislation changes presents an ever increasing 
challenge to surveyors, designers and owners world-wide. 
It is barely ten years since a “new” SOLAS Chapter III, 
adopted in 1983, came into force 1 July 1986. This was 
followed by a total of 39 “clarifications” and now we have 
a new version. The preparation of this paper was not 
without its problems, due to late changes at IMO. The 
paper was originally tabled for presentation during the last 
LRTA Session, but when the Chapter II] amendments came 
up for adoption at IMO Maritime Safety Committee in 1995, 
the Administrations decided to change the structure of the 
Chapter, by 
performance requirements and placing them into a new, 
separate mandatory Code. Finally, in November 1995, 


taking out the life-saving appliances’ 


further amendments to the Chapter were adopted at the 
SOLAS Conference on passenger ro-ro ship safety. These 
two sets of amendments then had to be integrated, and the 
final form was presented to the Maritime Safety Committee 
in May 1996. The new Chapter and the International Life- 
Saving Appliance Code were finally adopted at that 
meeting and will enter into force on 1 July 1998. 


The author can still recall the problems, for an outport 
Surveyor, when the arrival on the desk of new legislation 
presented a major task in sorting out what and where 
changes to Regulations had taken place, or being faced with 
the survey of new types of equipment with little previous 
experience or information to go on. 


The aim of this Paper is to highlight the current changes, 
indicate where they fit into the existing text; provide some 
of the background to the changes, and consider how they 
may affect Surveyor’s work. In this respect Section 3 of the 
paper highlights the amendments to Chapter II] of SOLAS 
and Section 4 deals with the International Life-Saving 
Appliance (LSA) Code. 


Marine evacuation systems (MES), which are a new 
development, and _ free-fall lifeboats where the 
requirements have been greatly expanded, are both looked 
at in more detail in Sections 5 and 6, respectively. 
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2 Background to the 
Amendments to SOLAS 
Chapter III 


The current Regulations came into force on 1 July 1986, and 
represented a major step forward towards improving safety 
at sea. Their principal aim was to combat the effects of 
hypothermia, which was the major cause of casualties 
amongst those forced to abandon ship. It was almost 
inevitable that with such major changes, differing 
interpretations of the Regulations arose as the various 
approval bodies started to apply the Regulations in 
practice. 


In an effort to ensure a common approach to similar 
problems, these interpretations were discussed at IMO and 
a series of MSC Circulars resulted, which were 
subsequently incorporated into the SOLAS Consolidated 
Edition, 1992. These interpretations did not form part 
of the actual Regulations, however, and remained 
recommendations, although they were routinely applied by 
most approval authorities. 


Technology in the field of marine safety, as in any other, is 
not static, and there have been a number of significant 
developments in approval procedures for free-fall lifeboats 
and in the development and approval of marine evacuation 
systems. 


Enquiries into marine accidents and casualties also 
revealed areas where legislation required strengthening, 
particularly with regard to crew training and on-board 
communication. Changes in requirements for ro-ro 
passenger ships, following a number of serious casualties 
involving such ships, have resulted in amendments 
throughout SOLAS, as well as Chapter III. 


It became obvious, therefore, that there was a need to 
consolidate and up-date the Chapter to include all these 
changes. The opportunity was also taken to abstract the 
performance standards and specifications of life-saving 
appliances, which formed part C of Chapter III, and place 
them in a separate mandatory Life-Saving Appliance Code. 


3 Amendments to SOLAS 
Chapter III 


In reviewing these amendments the SOLAS Consolidated 
Edition 1992 (IMO Sales Number IMO-110E) has been used 
as the basic text to which the changes have been made. 
Quotations from the new text are shown in italic and the 
Regulation and paragraph numbers appear in bold type. 
Many Regulations are renumbered and to ease cross 
referencing the old number appears in brackets next to the 
new one. 


3.1 SOLAS Chapter III, Part A - General 


Regulation 1 Application 
This Regulation is altered to reflect the new dates of 
application to new and existing ships. 


The Regulation is unchanged until, paragraph 3.2 which is 
amended in respect of the date of introduction of the new 
Regulations: 


New ships are those ”... the keels of which are laid or at a 
similar stage of construction on or after 1 July 1998.” 


Paragraph 4 has been rewritten to read: 


"For ships constructed before 1 July 1998, the Administration 
shall: 


.1 ensure that, subject to the provisions of paragraph 4.2, the 
requirements which are applicable under chapter III of the 
International Convention for the Safety of Life at Sea, 1974, in 
force prior to 1 July 1998 to new and existing ships as prescribed 
by that chapter are complied with; 


.2 ensure that when life-saving appliances or arrangements on 
such ships are replaced or such ships undergo repairs, alterations 
or modifications of a major character which involve the 
replacement of, or any addition to, their existing life-saving 
appliances or arrangements, such life-saving appliances or 
arrangements, in so far as is reasonable and practicable, comply 
with the requirements of this chapter. However, if a survival craft 
other than an inflatable liferaft is replaced without replacing it's 
launching appliance, or vice versa, the survival craft or launching 
appliance may be of the same type as that replaced.” 


A situation, not covered in the foregoing Regulation, which 
has raised questions in the past, is where a survival craft 
and launching appliance are both severely damaged in a 
collision, or similar accident, they need not be replaced by 
survival craft and launching appliances complying with the 
new Regulations but with craft of the type already fitted. To 
do otherwise would mean, perhaps a totally enclosed 
lifeboat on one side of the ship and an open lifeboat or the 
other, and this would simply lead to confusion in the 
future. This interpretation is normally agreed with 
Administrations on a case by case basis. 


Regulation 2 Exemptions remains unchanged. 
Regulation 3 Definitions. 


The following are the additional or amended definitions; 
such explanations as may be necessary are left until 
consideration of the relevant Regulations. 


1 “Anti exposure suit (AES) is a protective suit designed for use 
by rescue boat crews and marine evacuation system parties.” 


8 “Inflatable appliance is an appliance which depends upon non- 
rigid gas filled chambers for buoyancy and which is normally kept 
uninflated until ready for use.” 


10 “International Life-Saving Appliance (LSA) Code (referred to 
as “the Code” in the chapter) means the International Life- 
Saving Appliance (LSA) Code adopted by the Maritime Safety 
Committee by resolution MSC48(66), as it may be amended by 
the Organization, provided that such amendments are adopted, 
brought into force and take effect in accordance with the 
provisions of article VIII of the present Convention concerning 
the amendment procedures applicable to the Annex other than 
chapter 1”. 


13 “Lightest sea-going condition is the loading condition with the 
ship on even keel, without the cargo with 10% stores and fuel 
remaining and in the case of a passenger ship with the full 
number of passengers and crew and their luggage”. 


14 “Marine evacuation system is an appliance for the rapid 
transfer of persons from the embarkation deck of a ship to a 
floating survival craft”. 


17 “Positive stability is the ability of the craft to return to its 
original position after the removal of the heeling moment”. 


18 "Recovery time for a rescue boat is the time required to raise 
the boat to a position where persons on board can disembark to the 
deck of the ship. Recovery time includes the time to make 
preparations for recovery on board the rescue boat such as passing 
and securing a painter, connecting the rescue boat to the 
launching appliance, and the time to raise the rescue boat. 
Recovery time does not include the time needed to lower the 
launching appliance into position to recover the rescue boat.” 


21 “Ro-Ro passenger ship means a passenger ship with ro-ro 
cargo spaces or special category spaces as defined in Regulation 
II-2/3”. 


It will be noted that the definitions are in alphabetical order 
and the existing sub-paragraphs are renumbered as 
necessary. 

Regulation 4 Evaluation, testing and approval of life- 
saving appliances has been amended to make reference to 


the new Code. 


Regulation 5 Production Tests remains unaltered. 
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3.2 Part B - Requirements for Ships and 
Life-saving appliances 


Section |— Passenger ships and cargo ship 
Regulation 6 Communications 


Paragraph 2.2 Radar Transponders. The last sentence is 
amended to read: 


“On ships carrying at least two radar transponders and equipped 
with free-fall lifeboats one of the radar transponders shall be 
stowed in a free-fall lifeboat and the other located in the immediate 
vicinity of the navigating bridge ... ° 


This is intended to speed evacuation, by enabling the crew 
to board a free-fall boat without the need to collect and 
secure a transponder before commencing a launch. Speed 
is, of course, one of the primary benefits of a free-fall 
lifeboat, 


Paragraph 4 covering onboard communications and alarm 
systems has received a good deal of thought and 
discussion. The particular concerns being effective 
emergency communication on passenger vessels, and the 
difficulties in developing concise legislation which is 
equally appropriate to cruise vessels and short sea ferries. 
Passengers on cruise ships are usually going to be on board 
for some days at least and boat drills are all part of the 
experience to be enjoyed. Ferry passengers on the other 
hand are on board for only for a few hours or so and must 
receive such safety information via public address systems, 
supplemented by videos or other audio-visual aids, if 
possible. Ferries are in some ways similar to aircraft in this 
respect, except that when flying, passengers are usually 
strapped in when such information is given out, even if few 
give it the attention it deserves. On a ferry, however, people 
are free stroll about as they please and give their attention 
to the shops and facilities available. It is important therefore 
that onboard communication and alarm systems are as 
effective as possible in both types of passenger service as 
well as on cargo ships. 


The SOLAS Conference 1995 on ro-ro passenger ship safety 
added a new paragraph 5, public address systems on 
passenger ships, to the Regulation. This paragraph requires 
new and existing passenger ships to be fitted with a public 
address system capable of broadcasting to all crew and 
passenger spaces from the navigating bridge or other 
approved position. It is to be audible above ambient noise 
levels and capable of broadcasting emergency messages 
even where the volume has been turned down or off, it 
must also over-ride any other broadcast. Existing ships are 
to comply by the first periodical survey after 1 July 1997, 
unless they are already fitted with an approved public 
address system, which substantially complies with these 
requirements. On new ships constructed on or after 1 July 
1997 the PA system shall incorporate a double loop 
distribution system. 


Surveyors should note that, the performance requirements 
for general emergency alarm and public address systems, 
which previously formed Regulation 50, are now part of the 
Code in Chapter VII, paragraph 7.2. 
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Paragraph 4.2 now reads: 


“A general emergency alarm system complying with the 
requirements of paragraph 7.2.1 of the Code shall be provided and 
shall be used for summoning passengers and crew to muster 
stations and to initiate actions included in the muster list. The 
system shall be supplemented by either a public address system 
complying with the requirements of paragraph 7.2.2 of the Code 
or other suitable means of communication. Entertainment sound 
systems shall automatically be turned off when the general 
emergency alarm system ts activated”. 


Regulation 7 Personal Lifesaving Appliances. 


Previous cross references to Regulations 31, 32, and 33 
which covered lifebuoys, lifejackets, and immersion suits 
are now replaced by paragraphs 2.1, 2.2, 2.3 and 2.4 of the 
Code. 


The requirements for lifebuoys remain unchanged, but 
when we look at the paragraph 2, covering lifejackets there 
are three changes from the text of the 1992 Consolidated 
Edition of SOLAS. 


In paragraph 2.1.2 a sentence has been added regarding the 
stowage of the additional lifejackets for persons on watch, 

“the lifejackets carried for persons on watch should be stowed on 
the bridge, in the engine control room and any other manned 
watch station”. 


This, | think, represents what is common practice on board 
many ships already. 


A new paragraph 2.3 is added: 


“The lifejackets used in totally enclosed lifeboats, except free-fall 
lifeboats, shall not impede entry into the lifeboat or seating, 
including operation of the seat belts in the lifeboat”. 


The difficulty for Surveyors here, is that prototype seating 
tests carried out as part of the type approval testing, will be 
conducted using whichever make of approved lifejacket is 
most readily available to the lifeboat manufacturers. There 
are many different makes and types of approved lifejacket 
available, and some are more bulky than others. There is a 
possibility that the lifejackets provided on board a ship 
could affect seating and access. If the Surveyor in a building 
port has any doubts in this respect, then a limited seating 
test will confirm that the lifejacket does or does not affect 
ready access and seating, and that seat belts can be properly 
fastened. Care should also be taken to ensure the buoyancy 
at the back of the neck does not severely interfere with any 
head support fitted in the boat as this could cause injury in 
the event of side impact. A common sense approach must 
be adopted, however, since it is difficult to reject either 
lifejackets or lifeboats once delivered and on board, unless 
there is a serious problem. 


A new paragraph 2.4 follows concerning lifejackets to be 
worn in free-fall lifeboats which reads: 


“Lifejackets selected for free-fall lifeboats, and the manner in 
which they are carried or worn, shall not interfere with the entry 
into the lifeboat, occupant safety, or operation of the lifeboat.” 


Those colleagues who have been involved in the approval 
of such boats may be familiar with the background. There 
are Opposing views amongst administrations as to the 
correct approach to the problem caused by the buoyancy 
behind the head of a normal lifejacket which interferes with 
the proper seating of the occupant. This is of particular 
importance in a free-fall boat, for reasons which will be 
pointed out when discussing these boats in detail. One 
approach is to require inflatable lifejackets, which lie flat 
until inflated and do not interfere with either correct 
seating or the proper fastening of the seat belts. 
Alternatively some Administrations allow solid buoyancy 
lifejackets to be carried into the boat and either stowed 
forward, kept on the knee when seated or even discarded 
when embarking. Firstly carrying the jacket is bound to 
hinder the rapid occupation and seating of the boat, for 
which both hands are needed, then there is a possibility of 
the jackets flying about at water impact, finally in the event 
that a launch has to be aborted for some unforeseen reason 
the crew must then evacuate the boat either carrying a 
lifejacket hindering progress or locate a lifejacket earlier 
discarded prior to boarding. The United Kingdom 
Administration already requires inflatable jackets to be 
supplied on ships equipped with free-fall boats and others 
are following suit. In the author’s opinion this is the best 
solution. 


Finally paragraph 3 has requirements added requiring anti- 
exposure suits in addition to those for immersion suits. These 
are to be provided for crews of rescue boats and marine 
evacuation unit parties. These suits whilst similar to the 
current immersion suits are intended to offer greater ease of 
movement and adequate thermal protection to crew 
members working in the splash zone. Immersion suits are 
of course intended to protect survivors in the sea. Anti- 
exposure will be discussed in greater detail when looking at 
the performance standard in the Code. 


Regulation 8 Muster list and emergency instructions. 


There is one small but important amendment to paragraph 
2, which now reads: “Clear instructions to be followed in the 
event of an emergency shall be provided for every person on board. 
In the case of passenger ships these instructions shall be drawn up 
in the language or languages required by the ship's flag State and 
in the English language”. 


The difficulty in application arises where, to take a purely 
hypothetical case, a Bahamas flag ferry with a 
English/Polish crew is operating between the UK and 
France. The flag state requires English, part of the crew 
normally speak Polish, the passengers may be expected to 
speak English, French, Dutch, German, Spanish, etc., and 
the emergency instructions broadcast when the ship 
departs are those of the coastal states, English and French. 
The foregoing is used simply to illustrate the extent of the 
language problems faced in international shipping today 
and apply equally to cargo ships with a multi-national 
crew. These problems are exacerbated when a ship either 
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Figure 1 - Emergency notices in three languages understood 
by the passengers and crew 


Figure 2 - Passengers mustering on deck, as opposed to 
public rooms, on a large cruise liner 


changes it’s service area or changes flag. Surveyors should 
ensure the owners are aware of the flag and port state 
language requirements in any particular case and ensure all 
necessary instructions and plans are in the correct 
languages. 


Regulation 9 Operating Instructions and Regulation 10 
Manning of survival craft and supervision remain 
unchanged. 


Regulation 11 Survival craft muster and embarkation 
arrangements. 


This Regulation which has a bearing on the work of both 
plan approval and building port Surveyors and has had a 
number of small but important changes. 


The first affects paragraph 2 regarding muster stations and 


now reads: 


“Muster stations shall be provided close to the embarkation 
stations. Each muster station shall have sufficient clear deck space 
to accommodate all persons assigned to muster at that station, but 
at least 0.35m? per person’ 
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The additional words define “clear deck space” and the 
area to be allowed per person. In the main this change will 
affect passenger ships to a greater extent than cargo ships 
which have smaller numbers to accommodate and deck 
space is not at a premium. On passenger vessels with up to 
5000 persons to be accommodated the area required for 
muster stations is considerable, however the figure of 
0.35m’ per person is one already generally accepted and 
should not be a problem. 


Paragraph 5 has been amended with the addition of 
requirements for marking escape routes, the paragraph 
now reads as follows: 


“Alleyways, stairways, and exits giving access to the muster and 
embarkation stations shall be lighted. Such lighting shall be 
capable of being supplied by the emergency source of electrical 
power required by Regulation II-1/42 or II-1/43, as appropriate. 
In addition to and as part of the markings required under I- 
2/28.1.10 routes to muster stations shall be indicated by the 
muster station symbol, intended for that purpose, in accordance 
with the recommendations of the Organization”. 


The recommendations referred to are Resolutions A.760(18) 
and A.752(18) “Symbols relating to lifesaving appliances 
and arrangements” and “Guidelines for the evaluation, 
testing and application of low-location lighting on 
passenger ships”, respectively. 


Low-location lighting is an illuminated strip located at or 
near deck level intended to guide passengers to exits and 
muster stations when visibility is restricted by smoke. 
Crews on cargo ships are expected to be sufficiently 
familiar with their living and working areas and thus to be 
less in need of such aids. 


Paragraph 6 has free-fall lifeboats added into the 
requirement to be able to load stretcher cases into lifeboats. 
A thought here, is that free-fall lifeboats are, by their very 
nature, not generally regarded as suitable for stretcher 
cases, due to the accelerations experienced during 
launching and the lack of proper stowage and means to 
secure the stretcher in a lifeboat. It has to be admitted 
however that similar problems apply to davit launched 
boats which would require a stretcher to be accommodated 
across the knees of occupants and side impact forces can be 
just as high as those of free-fall. The fact is that any sort of 
survival craft forms a very poor place in which to transport 
or treat an injured person, they are simply the last resort 
when all else has failed. 


Small changes have been made in paragraph 7, with regard 
to embarkation ladders or equivalents. Firstly the angle of 
list which governs the length of embarkation ladder to be 
provided is increased from 15 to 20 degrees, as used 
elsewhere in chapter III. The wording has also been 
changed to exclude free-fall lifeboats from the requirement 
to have embarkation ladders due to their manner of 
launching. Finally the liferaft required forward or aft in 
accordance with Regulation 27.1.4 (previously 26.1.4), is to 
be provided with “Other means of embarkation enabling decent 
to the water in a controlled manner...”. The most common 
solution being to supply a knotted rope and securing 
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arrangements, but some builders routinely supply 
embarkation ladders, as for other survival craft. 


Regulation 12 Launching Stations 


This Regulation is unchanged but problems are still 
experienced in approving launching stations for liferafts 
and rescue boats which are not clear of the propeller, and 
away from steeply overhanging portions of the hull. It is 
appreciated this Regulation presents considerable 
difficulties for the designer and builder with cargo ships 
having smaller accommodation blocks placed further aft. It 
should be noted that Administrations although aware of 
these problems and, having had the opportunity to 
reconsider the Regulation, have not seen fit to weaken the 
laid down parameters in any way. Exemption from this 
basic requirement is not one many Administrations grant 
easily. 


Regulation 13 Stowage of survival craft 


The Regulation is strengthened in paragraph 1.5 by 
excluding the stowage of survival craft on or above cargo 
tanks, slop tanks, or other tanks containing explosive or 
hazardous cargoes. 


What is not made clear here is whether or not oil fuel tanks 
are regarded as hazardous, and for guidance we must look 
to Regulation 27.1.7 (previously 26.1.7) which excludes 
tankers carrying cargoes having a flashpoint exceeding 60 
degrees C (closed cup test) from carrying fire protected 
lifeboats, and since heavy fuel oil usually exceeds this limit, 
and it is generally accepted that survival craft may be 
located above oil fuel bunker tanks. 


Regulation 14 Stowage of rescue boats has not been 
changed. 


Regulation 15 Stowage of marine evacuation systems is a 
new Regulation and in consequence the previous 
Regulation 15 and subsequent ones are renumbered. 


The new MES requirements are as follows: 


“15.1 The ship's side shall not have any openings between the 
embarkation station of the marine evacuation system and the 
waterline in the lightest sea going condition and means shall be 
provided to protect the system from any projections. 


15.2 Marine evacuation systems shall be in such positions as to 
ensure safe launching having particular regard to clearance from 
the propeller and steeply overhanging positions of the hull and so 
that, as far as is practicable, the system can be launched down the 
straight side of the ship. 


15.3 Each marine evacuation system shall be stowed so that 
neither the passage nor platform nor its stowage or operational 
arrangements will interfere with the operation of any other life- 
saving appliance at any other launching station. 


15.4 Where appropriate, the ship shall be so arranged that the 
marine evacuation systems in their stowed positions, are 


protected from damage by heavy seas.” 


In so far as the author is aware at the present time the only 
marine evacuation systems in use are those fitted on 
passenger ferries operating in Scandinavia, the Baltic, 
United Kingdom and Canadian ferry services, though they 
may be in use in Japan. This Regulation and the 
performance requirements in the LSA Code are a 
distillation of the experience gained thus far, and the subject 
of marine evacuation systems will be discussed in greater 
detail later in the paper when looking at the approval 
requirements contained in Chapter VI, 6.2 of the Code. 


Regulation 16 (15) Survival craft launching and recovery 
arrangements. 


The first paragraph of this Regulation has been changed in 
its entirety, to improve clarity and accommodate for MES's. 
It now reads as follows: 


16.1 Unless expressly provided otherwise, launching appliances 
complying with the requirements of paragraph 6.1 of the Code 
shall be provided for all survival craft except those which are: 


16.1.1 boarded from a position on deck less than 4.5m above the 
waterline in the lightest seagoing condition and which have a 
mass of not more than 185 kg; or 


16.1.2 boarded from a position on deck less than 4.5m above the 
waterline in the lightest sea going condition and stowed for 
launching directly from the stowed position under unfavourable 
conditions of trim of up to 10 degrees and list of up to 20 degrees 
either way; or 


16.1.3 carried in excess of the survival craft for 200% of the total 
number of persons on board the ship and which have a mass of not 
more than 185 kg; or 


16.1.4 carried in excess of survival craft for 200% of the total 
number of persons on board the ship, are stowed for launching 
directly from the stowed position under unfavourable conditions of 
trim of up to 10 degrees and list of up to 20 degrees either way; or 


16.1.5 Provided for use in conjunction with a marine evacuation 
system, complying with 6.2 of the Code, and stowed for launching 
directly from the stowed position under unfavourable conditions 
of trim of up to 10 degrees and list of up to 20 degrees either way. 


Colleagues may care to note that a 25 person inflatable 
liferaft usually has a mass under 185 kg, and careful 
reading of the Regulation reveals that rafts having a mass in 
excess of that must launch from a rack, or similar 
arrangement, directly overboard, or be provided with a 
davit. Nonetheless manually launched rafts should be 
provided with rail or bulwark gates to facilitate throwing 
overboard since even the smaller 6 person rafts may be 
difficult to manhandle, if adverse trim, list and severe 
weather are taken into consideration. Rafts are specifically 
mentioned in this context since it is fairly obvious that 
lifeboats will be provided with either davits or a ramp as 
appropriate and are not required to float free. 


Regulation 17 (16) Rescue boat embarkation, launching 
and recovery arrangements. 


The emphasis in the changes is on the vexed question of the 
recovery time of rescue boats. Any colleague who has 
experience of small boats coming alongside a ship in a 
seaway will have some appreciation of the difficulties likely 
to be encountered in bringing a lifeboat/rescue boat or 
even a dedicated rescue boat alongside the parent ship and 
re-attaching the falls in anything more than calm 
conditions. 


Paragraph 4 of the Regulation requires ” Recovery time of the 
rescue boat shall be not more than 5 minutes in moderate sea 
conditions...”. Colleagues may agree that writing a 
Regulation is one thing, verifying compliance is another. 
The difficulty lies in how to verify recovery time in 
“moderate sea conditions”, a phrase that is not defined. The 
issue further confused by paragraph 3 which requires 
rescue boats to be “capable of being launched with the ship 
making headway at speeds up to 5 knots in calm water”. From a 
practical point of view a moderate sea may be taken as a 
wave height of between | and 2 metres, however ships’ sea 
trials take place in all sorts of conditions, and it would seem 
difficult to encounter both these conditions at the same 
time. Surveyors may care to note that neither SOLAS, the 
LSA Code or IMO Assembly Resolution A. 689(17) lay 
down any test criteria or other guidance as how, or even if, 
compliance with these requirements is to be verified. 
Surveyors at building ports may assume that boats with 
appropriate SOLAS certification may be accepted subject to 
the normal installation tests. Surveyors involved in 
prototype testing of rescue boats and launching appliances 
must, adopt a more pragmatic approach and witness any 
proposed tests in the prevailing conditions. Care should be 
taken to ensure these do not represent a danger to the crew. 
They must then use their judgement in assessing the results 
with the Regulation’s requirements in mind. This is a point 
that may be the subject of an IMO clarification in the future. 


An additional problem encountered when using totally 
enclosed lifeboats as rescue boats, is seasickness. The 
experience of survivors of the evacuation of a semi- 
submersible offshore unit indicated that over 90% suffered 
violent seasickness within a very short time and those who 
were not recovered onto rescue ships within a few hours 
became totally incapacitated. This would seem to inhibit 
their effectiveness in a search and rescue situation. It may 
be that this is a factor that must receive attention in the 
future not only with lifeboat /rescue boats but any survival 
craft. Motion sickness seems to affect people in enclosed 
spaces to a greater degree than those who can see the 
horizon. This is certainly the author's experience. 


The second addition is paragraph 5 which requires: 

”.. embarkation and recovery arrangements to allow for the safe 
and efficient handling of a stretcher case. Foul weather recovery 
strops shall be provided for safety if heavy fall blocks constitute a 


danger”. 


It is not anticipated that this requirement will pose serious 
problems. The aim being to be able to recover the boat to a 
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state. At least one flag state requires LR to witness 
emergency drills in certain circumstances. Attempts to 
delegate the supervision of drills etc., to Classification 
Societies are something which, in the author’s opinion, 
should be resisted. The Convention on Standards of Crew 
Training and Watchkeeping (now heavily revised) has 
always been one applied by Administrations and on-board 
training and drills must be seen as an extension of that task. 


Regulation 20 (19) Operational readiness, maintenance 
and inspections. 


This Regulation has a number of important changes in 
addition to the new requirements for marine evacuation 
systems. 


Paragraph 6.2 covering the weekly testing of lifeboat and 
rescue boat engines has a requirement: 


“... it should be demonstrated that the gearbox and gearbox train 
are engaging satisfactorily. If the special characteristics of an 
outboard motor fitted to a rescue boat would not allow it to be run 
for a period of three minutes other than with its propeller 
submerged it should be run for such a period as prescribed in the 
manufacturers handbook...“ 


It is of course possible to build a makeshift test bed for an 
outboard motor using an old oil drum with the top 
removed, filled with water, provided with a suitable 
mounting board and properly supported. One should be 
careful, however not to run the engine at too high 
revolutions or it also becomes an effective, if omni- 
directional shower bath. Special care must also be exercised 
with water lubricated stern bushes on lifeboats or rescue 
boats which may severely damaged if run out of the water, 
and reference must be made to manufacturers’ 
recommendations in such cases. 


The Regulation also allows administrations to waive these 
requirement in special circumstances for vessels 
constructed before 1 July 1986. 


Paragraph 8.2 Marine evacuation systems are to be 
rotationally deployed ”... at intervals to be agreed by the 
Administration provided each system is to be deployed at least 
once every six years.” 


In practice this probably means that the time interval will 
be governed by the manufacturers’ recommended servicing 
intervals, provided of course that this does not exceed the 6 
years. Surveyors should also recall the remarks above on 
crew training in the previous Regulation. 


To accommodate efforts by manufacturers to increase the 
service intervals of inflatable liferafts, paragraph 8.3 of the 
Regulation has been modified to allow Administrations to 
extend service intervals for up to five years, subject to 
annual inspections onboard by the manufacturer. Such 
arrangements must be formally approved, and IMO 
advised, in order that other Administrations may be 
advised, thus avoiding problems at port state inspections 
ete. 
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Finally a new paragraph 11 has been added, which started 
as an LR submission via IACS. 


11. Periodic servicing of launching appliances and on-load 
release gear. 


11.1 Launching appliances: 


1 shall be serviced at recommended intervals in accordance 
with the onboard maintenance instructions as required by 
Regulation 32; 


2 shall be subjected to a thorough examination at intervals not 
exceeding 5 years; 


3 shall upon completion of the examination in .2 be 
dynamically tested in accordance with paragraph 6.1.2.5.2 of the 
Code. 


11.2 Lifeboat on-load release gear shall be: 


1 serviced at recommended intervals in accordance with on 
board maintenance instructions as required by Regulation 32; 


.2 subjected to a thorough examination and test during the 
surveys required by Regulation I/7 and 1/8 by properly trained 
personnel familiar with the system; 


.3 operationally tested under a load of 1.1 times the total mass 
of the lifeboat when loaded with its full complement of persons 
and equipment whenever the release gear is overhauled. Such 
overhauling and test shall be carried out at least once every 5 
years. 


It has always been a matter of some concern that davits 
were not subjected to a similar regime of examination and 
test as other shipboard lifting appliances and this is now 
rectified. 


Release gears provided on lifeboats complying with the 
1983 SOLAS amendments have proved sensitive to 
incorrect maintenance or adjustment and _ have 
unfortunately been implicated in a number of fatal 
accidents. It is to be hoped that these new requirements will 
go some way to addressing the problem. Surveyors must 
endeavour to familiarise themselves with such 
mechanisms, together with their maintenance manuals, 
whenever they have the opportunity to do so. The 
mechanisms vary in many respects between manufacturers, 
and only by searching out such knowledge is it possible for 
the Surveyor to conduct a general examination of these 
gears at annual surveys and thoroughly examine them at 
renewal surveys with any degree of confidence. It can not 
be emphasised too strongly that Surveyors must give these 
examinations and tests their most careful attention. In the 
author’s opinion there is a strong case for introducing 
approval procedures for firms carrying out maintenance 
and testing of these gears in the same way a inflatable 
liferaft service stations are approved. 
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SAFETY NOTE: Testing or working on such gears should 
never be attempted unless the boat is securely attached to 
the davits by purpose made strops or the boat is suspended 
either touching or within a few centimetres of the water. 


3.3 Section Il - Passenger ships 
(additional requirements) 


Regulation 21 (20) Survival craft and rescue boats 


The Regulation remains unchanged until we come to 
paragraph 1.5.2 which now includes a reference to side to 
side transfer of rafts and reads: 


“unless the liferafts required by paragraph 1.5.1 are stowed in a 
position providing for easy side to side transfer at a single open 
deck level, additional liferafts shall be provided so that the total 
capacity available on each side will accommodate 150% of the 
total number of persons on board.” 


Again reference to side to side transfer is added to 


paragraph 1.5.4 


A new paragraph 1.6 provides for marine evacuation 
systems (MES): 


"1.6 A marine evacuation system or systems complying with 
paragraph 6.2 of the Code may be substituted for the equivalent 
capacity of liferafts and launching appliances required by 
paragraph 1.1.1 or 1.2.1.” 


Regulations 22 (21) Personal life-saving appliances 


This is amended in respect of lifejackets and_ their 
associated lights. 


Paragraph 2 Lifejackets is split into two sub-paragraphs. 
Para. 2.1 being the original text and the following new one 
is added: 


“2.2 Where lifejackets for passengers are stowed in staterooms 
which are located remotely from direct routes between public 
spaces and muster stations, additional lifejackets for these 


Figure 4 - Lifejackets stowed in lockers at the muster station 
indicated by signs in accordance with IMO guidelines 
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passengers required under Regulation 7.2.2, shall be stowed 
either in the public spaces, the muster stations, or on direct routes 
between them. The lifejackets shall be stowed so that their 
distribution and donning does not impede orderly movement to 
the muster stations and survival craft embarkation stations.” 


Paragraph 3, Lifejacket lights. This has been simplified by 
the removal of the distinction between international and 
short international voyages and now all lifejackets are to be 
provided with lights complying with paragraph 2.2.3 of the 
Code, though existing lights may be accepted until 
renewed or 1 July 2003 whichever is earlier. 


Regulation 23 (22) Survival craft and rescue boat 
embarkation arrangements. 


This Regulation remains as previously apart from its re- 
numbering. 


Regulation 24 (23) Stowage of survival craft (previously 
Stowage of liferafts) 


This has been changed to enforce what was previously a 
recommendation concerning the maximum stowage height 
for survival craft which is as follows: 


"The stowage height of a survival craft on a passenger ship shall 
take into account the requirements of Regulation 13.1.2, the 
escape provision of Regulation II-2/28, the size of the ship, and the 
weather conditions likely to be encountered in its intended area of 
operation. For a davit launched survival craft, the height of the 
davit head with the survival craft in the embarkation position, 
shall, as far as practicable, not exceed 15m to the waterline when 
the ship is in its lightest seagoing condition.” 


The problem for the designer here is that if survival craft are 
stowed nearer to the waterline, as will be the case as 
compared to some of the recent designs, then there is a 
strong possibility that the space required will intrude on 
that which is often allocated to the main public rooms of the 
ship, but perhaps if these move up they will have more 
panoramic views. The use of modern cantilever davits has 
alleviated the space problem, being much more compact 
than normal gravity davits. 


Any proposal to stow survival craft above the 15m limit 
would have to be put to the flag state for their adjudication 
but a number have indicated that they consider this height 


Figure 5 - A modern cruise liners where the lifeboats are 
stowed in accordance with the 15m. maximum stowage height 
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Figure 6 - Mustering in public spaces on a passenger ship may 
provide more space than on the open decks allied to more 
shelter for the passengers. The photograph also indicates how 
effective retro-reflective tape can be. 


to be one of the design criteria which must be worked to 
and would not expect to issue an exemption to a new ship. 


Regulation 25 (24) Muster stations now includes the 
previously mentioned 0.35 square metres per person space 
allocation. 


Regulation 26 and subsequent Regulations 27, 28, and 29 
are new Regulations added by the SOLAS Conference on 
Ro-Ro Passenger Ships in November 1995. 


Regulation 26 Additional requirements for ro-ro 
passenger vessels 


This Regulation applies to all ro-ro passenger ships, with 
specific application dependent upon the date of 
construction as follows: 


1.1 on or after 1 July 1998 must comply with the requirements of 


paragraphs 2.3, 2.4, 3.1, 3.2, 3.3, 4 and 5; 


1.2 on or after 1 July 1986 and before 1 July 1998 shall comply with 
the requirements of paragraph 5 not later than the first periodical 
survey after 1 July 1998 and with the requirements of paragraphs 
2.3, 2.4, 3 and 4 not later than the first periodical survey after 1 July 
2000; and 


1.3 before 1 July 1986 shall comply with the requirements of 
paragraph 5 not later than the first periodical survey after 1 July 


1998 and with the requirements of paragraphs 2.1, 2.2, 2.3,2.4,3 
and 4 not later than the first periodical survey after 1 July 2000, 


Paragraph 2 Liferafts 


2.1 The ro-ro passenger ship's liferafts shall be served by marine 
evacuation system complying with section 6.2 of the Code or 
launching appliances complying with paragraph 6.1.5 of the 
Code, equally distributed on each side of the ship. 

2.2 Every liferaft on a ro-ro passenger ship shall be provided with 
float free stowage arrangements complying with Regulation 24. 
2.3 Every liferaft on a ro-ro passenger ship shall be of a type fitted 
with boarding ramps with the requirements of paragraph 4.2.4.1 


or 4.3.4.1 of the Code as appropriate 
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2.4 Every liferaft on a ro-ro passenger ship shall either be 
automatically self righting or be a canopied reversible liferaft 
which is stable in a seaway and is capable of operating safely 
whichever way up it is floating. Alternatively it shall carry 
automatically self-righting liferafts or canopied reversible 
liferafts, in addition to its normal complement of liferafts, of such 
aggregate capacity as will accommodate at least 50% of the 
persons not accommodated in lifeboats. This additional liferaft 
capacity shall be determined on the basis of the difference between 
the total number of persons on board and the number of persons 
accommodated in lifeboats. Every such liferaft shall be approved 
by the Administration having regard to the recommendations 
adopted by the Organization. 


The requirements for automatically self-righting liferafts 
and canopied reversible liferafts are still under 
development, and will not be finalised until 1997 (see later 
remarks under Section 4 International Life-Saving 
Appliance Code). 


Paragraph 3 Fast rescue boats 


At least one fast rescue boat is to be provided, a fast rescue 
boat being one capable of 8 knots fully loaded and at least 
20 knots with a three man crew. Again the current IMO 
requirements (Resolution A.656(16)) for these boats and 
their launching appliances are under review, but not yet 
published in amended form (see later remarks under 
Section 4 International Life-Saving Appliance Code). 


Two specially trained crews are to be available for each 
such boat. 


Existing ships constructed before 1 July 1986 which are 
incapable of accommodating a fast rescue boat in addition 
to their current lifeboat/rescue boat or emergency boat may 
substitute a fast rescue boat and launching appliance and 
the survival craft capacity lost in so doing is to be made up 
with additional inflatable liferafts. 


Paragraph 4 Means of rescue 


Ro-ro passenger ships are to be equipped with a means of 
rapidly transferring survivors from the sea, rescue units, or 
survival craft to the ship. An MES can perform this task 
provided it is equipped with handlines, ladders or other 
suitable means enabling people to climb the slide. 


Paragraph 5 Lifejackets 


In addition to the jackets required by Regulations 7.2 and 
22.2 a sufficient number are to be available at the assembly 
point to remove the necessity of people having to return to 
their cabins for their lifejackets. The lifejackets are now to be 
provided with lights and this seems to rectify what many 
people have regarded as an anomaly in the previous 
Regulations. Another point worthy of note is the reference 
in the Regulation to “assembly point” rather than muster 
station in an effort to introduce plain language readily 
understood by passengers who can not be expected to be 


totally familiar with shipping terms 
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Regulation 27 Information on passengers 


These are primarily an operational requirement for more 
detailed records to be available on passengers such as those 
with disabilities, numbers of adults, children, infants etc., 
and applies to all passenger ships. 


Regulation 28 Helicopter landing and pick-up area 


All ro-ro passenger ships are to be provided with these 
facilities on or at the first periodical survey after 1 July 1997. 


Regulation 29 Decision support system for the master of 
passenger ships 


This applies to all passenger ships and requires an 
emergency plan or plans to be available on the bridge 
covering, all the likely emergency scenarios such as fire, hull 
damage, piracy or terrorist activities etc. The plans are to be 
in written form but may be computer based at the discretion 
of the Administration and are to be on board no later than 1 
July 1999 in the case of existing ships and 1 July 1997 for new 
ships. The aim is to lift some of the load from the Master in 
an emergency situation by providing a basic plan of action 
which he may adapt to the particular emergency 
encountered. It is expected that other senior officers will be 
familiar with the plans and the duties they must perform. 
The pressure on the Master is enormous being responsible 
for overall co-ordination of the emergency actions, 
communications, liaison with rescue services and other 
vessels assisting, monitoring the situation on board and the 
ultimate safety of passengers and crew. Training, no matter 
how good, can not replicate the real thing and fortunately 
very few will ever face a major emergency in a lifetime at 
sea. Good forward planning will at least provide a 
framework within which to act. 


Regulation 30 (25) Drills 


This Regulation is very similar to the previous one but is 
extended and clarified. 


1 This Regulation applies to all passenger ships 


2 On passenger ships, an abandon ship drill and fire drill shall 
take place weekly. The entire crew need not be involved in every 
drill, but each crew member must participate in an abandon ship 
drill and fire drill each month as required in Regulation 19.4.2 
Passengers are to be strongly encouraged to attend these drills. 


3.4 Section Ill - Cargo Ships (additional 
requirements) 


Regulation 31 (26) Survival craft and rescue boats 


This has been amended from what was _ previously 
Regulation 26 to include the requirement for rafts to be 
stowed allowing ” ... for easy side to side transfer at a single 


open deck level ... “, in paragraphs 1.1.2, 1.3.2, and 1.3.4. 


In this respect building port Surveyors should verify that 
there are no obstructions which may hinder such transfer, 
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since such things as air pipes, ventilators, small hatches and 
even deck cranes are often omitted from plans of survival 
craft arrangements when submitted for approval, and what 
appears to be clear deck on a plan, is anything but, when 
viewed on board the actual newbuilding. It should be 
remembered that even though a 25 person raft is below 185 
kg, and thus considered portable, they are still very heavy 
to manoeuvre manually, and even small obstructions may 
present problems. As a further aid, gates should be 
provided in rails or bulwarks to facilitate throwing a raft 
overboard. 


Paragraph 1.4 now includes what was previously an MSC 

circular definition of the 100m distance governing the need 

to provide additional liferafts forward or aft. 

“... where the horizontal distance from the extreme end of the 

stem or stern of the ship to the nearest end of the closest survival 

craft is more than 100m ...”. 

Paragraph 2.3.2 referring to ships built before 1 July 1986 is 

similarly modified, it is to be hoped, however, that these 

ships have already been provided with these rafts. 

Regulation 32 and Regulation 33 (27 and 28) are 

unchanged other than they now cross reference to the Code. 

3.5 Section IV - Life-saving Appliances 
and Arrangements Requirements 

Regulation 34 (30) 

This simply states: 

“All life-saving appliances and arrangements shall comply with 

the applicable requirements of the Code.” 


3.6 Section V — Miscellaneous 


Regulation 35 (51) Training manual and on-board training 
aids 


This was previously Regulation 51 and has one additional 
) 8 
paragraph 


“4. Every ship fitted with a marine evacuation system shall be 
provided with on-board training-aids in the use of the system.” 


Regulation 36 (52) Instructions for on-board maintenance 


This has an amended cross-reference to Regulation II/20.7 
in place of 19.7 


Regulation 37 (53) Muster list and emergency instructions 


Has one small amendment, with the introduction of a new 
paragraph 2 


“Each passenger ship shall have procedures in place for locating 
and rescuing passengers trapped in staterooms”. 
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This completes Chapter II] in it’s new form. All the previous 
Regulations not covered above are now part of the new 
Life-Saving Appliance Code. 
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4 The International Life- 
Saving Appliance Code 


The Code provides unified international requirements for 
life-saving appliances and becomes a mandatory code 
under the Convention on and after 1 July 1998. This brings 
Chapter III into line with other chapters of SOLAS, where 
equipment performance standards are already separated 
from ship requirements and arrangements. Prototype and 
production testing of life-saving appliances is still governed 
by Assembly Resolution A.689(17), though it too has 
received some minor amendments, which will be 
mentioned, where relevant, when discussing equipment. 


The Code contains seven chapters each covering particular 
groups of life-saving appliances and further broken down 
into paragraphs. In order that colleagues will understand 
the continuity with the original Regulations 30 to 50, these 
are shown in brackets after the title of each appliance. 


4.1 Chapter | - General 
Paragraph 1 Definitions 


In addition to cross referencing the definitions of 
Regulation III/3 a number are added concerning free-fall 
lifeboats: 


1.1.2 “Effective clearing of the ship” is the ability of the free-fall 
lifeboat to move away from the ship after free-fall launching 
without using its engine. 


1.1.3 “Free-fall acceleration” is the rate of change of velocity 
experienced by the occupants during launching of a free-fall 
lifeboat. 


1.1.4 “Free-fall certification height” is the greatest launching 
height for which the lifeboat is to be approved, measured from the 
still water surface to the lowest point of the lifeboat when the 
lifeboat is in the launch configuration. 


1.1.5 “Launching ramp angle“ is the angle between the horizontal 
and the launch rail of the lifeboat in its launching position with 
the ship on even keel. 


1.1.6 “Launching ramp length” is the distance between the stern 
of the boat and the lower end of the launching ramp. 


1.1.8 “Required free-fall height” is the greatest distance between 
the still water surface to the lowest point of the lifeboat when the 
lifeboat is in the launch configuration and the ship is in its 
lightest seagoing condition. 


1.1.10 “Water-entry angle” is the angle between the horizontal 
and the launch rail of the lifeboat when it first enters the water. 
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Paragraph 2 General requirements for life-saving 
appliances (Regulation III /30) 


Three amendments have been made to the previous 
Regulation to improve the marking of appliances, and 
reduce the danger of fires arising from defective lights 
attached to life-buoys and lifejackets. 


All life-saving appliances shall: 


“1.2.2.9 be clearly marked with approval information including 
the administration which approved it and any operational 
restrictions. 


1.2.2.10 where applicable be provided with electrical short circuit 
protection to prevent damage or injury. 


1.2.3. The Administration shall determine the period of 
acceptability of life-saving appliances which are subject to 
deterioration with age. Such life-saving appliances shall be 
marked with a means for determining their age or date by which 
they must be replaced. Permanent marking with date of expiry is 
the approved method of establishing the period of acceptability. 
Batteries not marked with an expiration date may be used if they 
are replaced annually, or in the case of secondary battery 
(accumulator), if the condition of the electrolyte can be readily 
checked.” 


This latter amendment should ease some of the Surveyors 
problems at safety equipment surveys. 


4.2 Chapter Il - Personal life-saving 
appliances 


Paragraph 2.1 Lifebuoys (Regulation 31). 


This remains unchanged except for the self-igniting lights 
in sub-paragraph 2.1.2.2. These lights are now to be “white 
colour” may burn continuously or if of the flashing type 
should flash at the rate of “not less than 50 flashes and not 
more than 70 flashes per minute.” 


The reason for this is that some research indicates that 
flashing lights can produce epileptic reactions in some 
circumstances, and the rate of flash is important in this 
respect. 


There is also disagreement between administrations as to 
whether steady or flashing lights are more visible during 
search and rescue operations, so both are deemed 
acceptable. 


Paragraph 2.2 Lifejackets (Regulation 32). 
This has been amended to promote the design of lifejackets 


which are simple and easy to don and secondly to improve 
the design of children’s jackets. 
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Paragraph 2.2.1.2 reads: 
“An adult lifejackets shall be so constructed that: 


Lat least 75% of persons, who are completely unfamiliar with the 
lifejacket, can correctly don it within a period of one minute 
without assistance, guidance or prior demonstration; 


.2 after demonstration, all persons can correctly don it within a 
period of one minute without assistance; 


3 it is clearly capable of being worn in only one way or, as far as 
is practicable, cannot be donned incorrectly; 


4 it is comfortable to wear; 


5 it allows the wearer to jump from a height of a least 4.5m into 
the water without injury and without dislodging or damaging the 
lifejacket; 


and 


Paragraph 2.2.1.5 A child lifejacket shall be constructed and 
perform the same as an adult lifejacket except as follows: 


.1 donning assistance is permitted for small children; 


.2 it shall only be required to lift the mouth of an exhausted or 
unconscious wearer clear of the water a distance appropriate to 
the size of the intended wearer; 


3 assistance may be given to board a survival craft, but wearer 
mobility shall not be significantly be reduced; 


Paragraph 2.2.1.6 In addition to the markings required by 
paragraph 1.2.2.9, a child lifejacket shall be marked with: 


1 the height or weight range for which the lifejacket will meet the 
testing and evaluation criteria recommended by the 
Organization"; 


2a “child” symbol as shown in the “child's lifejacket” symbol 
adopted by the Organization.*** 


The references * and ** are to IMO Resolutions A.689(17) 
Testing of Life-saving Appliances and A.603(15) Symbols 
Related to Life-saving and Arrangements respectively. 


Lifejackets conforming to these requirements are usually 
donned like a sleeveless jacket fastening on the centre of the 
chest using the “Velcro” type of tape which secures on 
contact and secured by a single tape around the chest. 


Problems are sometimes experienced when testing in 
obtaining a suitable range of test subjects and this is easy to 
understand given the range of racial diversity around the 
world. Resolution A.689(17) goes on to state the test 
subjects should ”...include large and small able bodied persons, 
both male and female, in the high, medium, and low weight 
range...” . Surveyors engaged in testing should insist on the 
widest range of size possible recalling that survival craft 
capacities are based upon persons with an average mass of 
75kg, and use this as a guide. 


15 


If it is difficult to define adult sizes the problem is even 
greater with children for whom lifejacket requirements are 
included for the first time. A look at range of sizes and 
shapes in any school class for a given age group will 
provide an illustration of the difficulties. The requirements 
of the Code are similar to those for adults except that 
assistance in donning lifejackets and in boarding a survival 
craft is permitted. The jackets are to be clearly marked with 
the IMO “child” symbol and the height or weight range for 
which the jackets are suitable. Again Surveyors involved in 
testing and approving such lifejackets must use their 
experience and judgement to achieve the right mix of test 
subjects in order to achieve a satisfactory approval. 
Children used in tests must be confident in the water and 


closely supervised. 


The requirements for lifejacket lights are similar to those for 
lifebuoys with an additional requirement that the light 
intensity shall shine ”...in all directions of the upper 


hemisphere“ 


Paragraph 2.3 Immersion Suits requirements remain 
unchanged from the previous Regulation 33. 


Paragraph 2.4 Anti-exposure suits. 


These are new requirements and arise from the need to 
improve the mobility of crew members who are required to 
man rescue boats and the platforms of marine evacuation 
systems. In both of these tasks a good deal of physical work 
is required in recovery of survivors, launching and 
recovering the boat or assisting passengers from the MES 
into rafts, bringing the rafts alongside etc. The suits, 
therefore, must not hinder movement whilst at the same 
time providing good protection against the elements, 
particularly heavy spray. This leads to the vital difference 
between the two types of suit; an immersion suit, as the 
name suggests, is intended to protect a person in the water 
from the worst effects of hypothermia whilst an anti- 
exposure suit is designed to be a thermal protective 
working suit. 


Anti-exposure suits are required to provide some inherent 
buoyancy, good mobility both in and out of the water, a 
good field of vision and be provided with a light and 
whistle. The suits may leave the head, hands and feet free 
but should have hood, gloves and boots available for use as 
necessary. As with immersion suits they may be 
manufactured from materials having no_ inherent 
insulation, in which case they must be worn over warm 
clothing, or from materials providing sufficient thermal 
protection to significantly reduce the bodies’ heat loss. 


It is hoped that the foregoing is sufficient to enable 
colleagues to recognise the differences between immersion 
suits and anti-exposure suits. It is worth noting that some 
administrations have approved similar suits nationally, but, 
as far as the author is aware, no suit currently available 
meets all the criteria of this new Regulation and thus an 
illustration can not be provided 
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Figure 7 - Inflatable liferafts in the factory awaiting packing 
and despatch. 


Paragraph 2.5 Thermal protective aids (Regulation 34) 


It may be recalled that these are in effect a coverall bag 
providing thermal protection and reducing heat loss. The 
Regulation has simply been altered to use the more 
scientifically correct definition for the properties of the 
material as having a thermal conductance of not more than 
7800/(m*.K), rather than conductivity as in the previous 
Regulation. 


4.3 Chapter Ill - Visual Signals 


Paragraphs 3.1 Rocket parachute flares, 3.2 Hand flares, 
3.3 Buoyant smoke signals remain unchanged from the 
previous Regulations 35, 36 and 37. 


4.4 Chapter IV - Survival Craft 


Paragraph 4.1 General requirements for liferafts 
(Regulation 38) 


The basic requirements have not changed except with 
regard to some details. A change has been made in 
paragraph 4.1.1.5.3 to ensure the entrance can be opened 
and closed by a survivor wearing an immersion suit that 
occupants of a liferaft would normally be wearing. This 


appears to correct an oversight in the original Regulation 


The liferaft painter system in paragraph 4.1.3.2 is now 
less 


than 10m plus the 


required to have a length not 
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distance from the stowed position to the waterline...” as opposed 
to twice the distance as previous. 


The technical requirements for the external and interior 
lights have been modified generally similar to those for 
lifebuoys and jackets. 


Equipment requirements have changed with a pair of 
scissors being added to provide access to rations and 
particularly plastic sachets of drinking water. The 
specification for sea anchors has been amended in the light 
of experience gained in practical tests in controlling drift in 
open water. Rations are now to be ”... palatable, edible 
throughout the intended shelf life, and packed in a manner which 
can be readily divided and easily opened”. From this it might be 
inferred that rations were not palatable or edible previously 
and judgement in this respect is inevitably very subjective. 
There is a wide range of tastes and eating habits around the 
world and few of us regard all forms of food as equally 
enjoyable, none the less it should not be overlooked that we 
are talking about emergency concentrated rations which are 
designed to maintain energy levels in extreme situations 
and must be judged on that basis. 


Drinking water requirements are amended to allow the use 
of reverse osmosis (that is the filtering of salt water through 
porous barriers to produce fresh water) desalinators to 
produce drinking water from sea water. 


Marking of rafts with respect to date of manufacture, type 
and serial number may now be on the container or an 
identification plate securely attached to the unit. 


Paragraph 4.2 Inflatable liferafts (Regulation 39) 


These requirements have received only minor amendment, 
rafts being required to provide access to survivors wearing 
immersion suits, as mentioned above, and the boarding 
ramp must now support a person of 100kg, equivalent to 
approximately a 75kg. person plus immersion suit. 


Marking requirements have changed to assist change of 
flag and change of name cases and paragraph 4.2.7.2 states: 


“Provision shall be made for marking each liferaft with the name, 
and port of registry of the ship to which to which it is to be fitted, 
in such a form that the ship identification can be changed at any 
time without opening the container.” 


This should assist matters for Surveyors conducting change 
of flag surveys. 


The test requirements for inflatable liferaft materials are 
being extensively amended and reference made to various 
ISO test schedules but the final form will not be available 
until 1997. 


As mentioned earlier when looking at Regulation 26.2 the 
requirements for automatically self-righting liferafts and 
canopied reversible liferafts are still under development, 
and should be available in mid-1997. 
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It seems likely that for self-righting rafts the canopy 
structure will be such as to provide the necessary self- 
righting buoyancy, whilst the reversible rafts will have 
canopies which will automatically erect whichever side is 
uppermost and presumably provide access to the 
emergency pack from either side. It will be interesting to see 
how the industry answers the difficulties presented by 
these new requirements because the design of rafts which 
are relatively light, pack into a remarkably small space, 
inflate in seconds, yet are strong and stable in wind and sea 
is not an easy task. 


The draft test requirements are for automatically self 
righting rafts to be incrementally rotated through angles up 
to 180° and return to the upright position without outside 
influence. Tests are also introduced for inflation in the 
submerged condition in severe weather conditions. 
Further tests for rafts include tests in a wind velocity of 
30m /s. 


Paragraph 4.3 Rigid liferafts (Regulation 40) 


The requirements are virtually unchanged, but as far as is 
known to the author, there are no SOLAS approved rigid 
rafts currently available and therefore the changes may be 
of little consequence. 


Paragraph 4.4 General requirements for lifeboats 
(Regulation 41) 


Again there are detailed amendments to the technical 
requirements, some of which may make life easier for 
outport Surveyors. 


Marking requirements have been clarified and paragraph 
4.4.1.2 requires: 


“Each lifeboat shall be fitted with a certificate of approval, 
endorsed by the administration, containing at least the following 
items: 

e manufacturers name and address; 

e boat model and serial number; 

e month and year of manufacture; 

e number of persons the boat is approved to carry; and 

the approval information required under paragraph 1.1.2.9 (that 
is details of the administration that approved it and any 
operational restrictions). 


The certifying organisation shall provide the boat with a 

Certificate of Approval which, in addition to the items above 

specifies: 

e number of the certificate of approval 

e material of the hull construction, in such detail as to ensure that 
compatibility problems in repair should not occur; 

e total mass fully equipped and fully manned; and 

e statement of approval as to paragraph 4.5, 4.6, 4.7, 4.8. 


Surveyors should note that the certificate referred to in the 
first paragraph will in practice probably be a plate or 
similar marking permanently attached to the boat, in 
addition to a production certificate issued with the boat. 
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The second paragraph refers to a prototype approval 
certificate issued to the manufacturers which will reflect the 
number of persons for which that boat was approved . 
There may be differences between the number of persons 
shown on a production certificate and the number of 
persons and hence mass @ 75kg/per person which may be 
shown on the type approval certificate. This mass refers to 
the prototype test configuration and thus defines the 
maximum number of persons for which the boat was tested 
and approved. Surveyors should keep this in mind if, at 
some future date, the owners request an increase in the 
number of persons for which life-saving appliances are 
provided. Any such request for an increase in the number 
of persons for which a lifeboat is certified should be 
referred to CSD/SAS/SE to verify the correct details if there 
is any doubt. 


Freeboard and stability have been changed to include the 
previous “clarification” that appeared in the Consolidated 


Edition of SOLAS which stipulates in paragraph 4.4.5.2.1 
“each lifeboat with side openings ... shall have a freeboard ... of 
at least 1.5% of the lifeboats length or 100mm whichever is 
greater” 


and in 4.4.5.2.2 


“each lifeboat without side openings ... shall not exceed an angle 
of heel of 20° and shall have a freeboard to the lowest opening 
through which the lifeboat may become flooded of at least 1.5% of 
the lifeboats length or 100mm whichever is greater” 


Further minor modifications are made in paragraph 4.4.7.3 
providing for: ”... suitable handholds ...” as an alternative to 


a becketted lifeline “... above the waterline and within reach of 
a person in the water.” 


As with liferafts reverse osmosis desalinators are allowed 
as part of the equipment to provide drinking water. 


The vexed question of lifeboat on-load release gears again 
receives attention with the aim of the reducing the number 
of tragic accidents which have occurred with these gears, 
and paragraph 4.4.7.6.2.2 now includes an amended 
version of another “clarification” included in the SOLAS 
Consolidated Edition 1992: 


Paragraph 4.4.7.6.2.2 “an on-load release capability which will 
release the lifeboat with load on the hooks. This release shall be so 
arranged as to release the lifeboat under any conditions of loading 
from no load with the lifeboat waterborne to a load of 1.1 times the 
total mass of the lifeboat when loaded with its full complement of 
persons and equipment. The release capability shall be adequately 
protected against accidental or premature use. Adequate 
protection shall include special mechanical protection not 
normally required for off-load release, in addition to a danger 
sign. To prevent an accidental release during recovery of the boat, 
the mechanical protection(interlock) should only engage when the 
release mechanism is properly and completely reset. To prevent a 
premature on-load release, on-load operation of the release 
mechanism should require deliberate and sustained action by the 
operator. The release mechanism shall be so designed that the crew 
members in the lifeboat can clearly observe when the release 
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mechanism is properly and completely reset and ready for lifting. 
Clear operating instructions should be provided with suitably 
worded warning notice.” 


The combination of the foregoing amendment and the 
changes to Regulations covering crew training and on- 
board maintenance will, hopefully, lead to a reduction in 
the number of tragic accidents involving survival craft, 
launching and release gears and Surveyors are urged to 
maintain the utmost vigilance when carrying out such 
surveys. It should be remembered that the foregoing 
paragraph applies to boats being built after these 
amendments come into force and there are thousands of 
boats in service with complex release gears needing to be 
handled with knowledge, care, common sense and good 
engineering practice. Most of the accidents for which the 
investigative report is available appear to indicate that the 
crew were not familiar with the gear or aware of the serious 
consequences of poor adjustment and maintenance. 
Manufacturers have been urged to improve their manuals, 
particularly to improve the English, which is the primary 
sea going language, so that any further translation into the 
crew’s native language at least starts from a reasonable 
base. 


Other changes are to the undernoted paragraphs: 


Paragraph 4.4.7.6.4 “The fixed structural connections of the 
release mechanism in the lifeboat shall be designed with a 
calculated factor of safety of 6 on the UTS of the materials ...” 


In the case of GRP there are fairly wide ranges of UTS 
depending on the make-up of the laminate in chopped 
strand mat, woven rovings, the type of rovings used etc. 
The builders should maintain a satisfactory QA schedule 
for the production testing of their GRP laminates but for 
chopped strand mat a UTS of 85N/mm/ based upon a glass 
content of 0.30 is a fairly conservative figure. The design 
strengths must be maintained in production. 


Paragraph 4.4.7.6.5 “Where a single fall and hook system is used 
for launching a lifeboat or rescue boat in combination with a 
suitable painter, the requirements of paragraph 7.6.2 need not be 
applicable; in such an arrangement a single capability to release 
the lifeboat or rescue boat, only when it is fully waterborne, will 
be adequate”. 


The normal manner of launching a rescue boat with the 
ship making headway is to lower the boat to the water and 
immediately release the fall leaving the boat held on the 
forward painter until the helmsman is satisfied that the 
boat has picked up it’s own headway, when the painter is 
released and the boat pulls away. The requirements for 
liferafts appear in paragraph 6.1.5 and differ in requiring 
automatic release when the liferaft is afloat. 


Painter requirements are now: 


Paragraph 4.4.7.7 “Every lifeboat shall be fitted with a devise to 
secure a painter near its bow. The device shall be such that the 
lifeboat does not exhibit unsafe or unstable characteristics when 
being towed by the ship making headway at speeds up to 5 knots 
in calm water. Except for free-fall lifeboats the painter securing 
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device shall include a release device to enable the painter to be 
released from inside the lifeboats, with the ship making headway 
at speeds up to 5 knots in calm water”. 


One difficulty here is that due to variations in freeboard of 
the parent ship the angle of the painter can vary 
considerably which is why it is important for prototype 
tests to be carried out through the ares specified in 
Resolution A 689(17). 


Finally Paragraph 4.4.8 covering lifeboat equipment now 
requires it to be properly secured or stored within the boat 
except for the boathooks in davit launched boats which 
may be needed during launching. There are also minor 
changes in equipment specifications, but the equipment to 
be provided remains the same. 


Paragraph 4.5 Partially enclosed lifeboats (Regulation 42) 


There is a minor clarification regarding entrances, which 
are required in both ends and each side. Those in the end 
canopies should be weathertight. 


The previous Regulation 43 covering self-righting partially 
enclosed lifeboats has been deleted since the need has not 
arisen and none have been manufactured. 


Paragraph 4.6 Totally enclosed lifeboats (Regulation 44) 


This has not been changed and seems one of the few 
Regulations that works well, with a large number of boats 
built, tested and approved world-wide with few problems, 
except for a few notable exceptions. 


Paragraph 4.7 Free-fall lifeboats 


These are new requirements but are heavily based upon 
MSC Circular 510, which appeared as a clarification in the 
SOLAS Consolidated Edition 1992. The new text, however, 
integrates far better with the rest of the chapter in form and 
content. | propose to deal with the subject of free-fall 
lifeboats in Section 6 of this paper. 


Paragraphs 4.8 and 4.9 deal with lifeboats with a self- 
contained air support system and fire protected lifeboats 
respectively, and again such boats have proved successful, 
at least in prototype tests. 


4.5 Chapter V - Rescue boats 
(Regulation 47) 


Paragraph 5.1.1 General requirements 


The initial paragraph 5.1.1.1 has been strengthened with the 
following addition: 


”... A lifeboat may be approved and used as a rescue boat if it 
meets all the requirements of this Regulation, if it successfully 
completes the testing for a rescue boat required in Regulations 
Ill/4.2, and if its stowage, launching and recovery arrangements 
on the ship meet all of the requirements for a rescue boat.” 
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Most totally enclosed lifeboats have been approved as 
combined Experience has shown, 
however, that these boats are far from suited to this task 


rescue/ lifeboats. 


since they are not as manoeuvrable as a dedicated rescue 
boat, their visibility is restricted and they are difficult 
recover in offshore conditions. In one actual case, in not 
very difficult sea conditions, it took over 20 minutes 
alongside the parent ship to re-attach the falls and the 
repeated impact with the ship caused fairly serious damage 
to the hull laminate. The fact remains that virtually all 
Administrations have approved or accepted combined 
lifeboat/rescue boats on possibly 80% of the cargo ships 
built since July 1986, in the authors opinion it will be very 
difficult to change that policy now, notwithstanding the 
requirement to be able to recover a rescue boat within 5 
minutes in moderate seas. 


To accommodate those designs of rescue boat which have 
solid foam buoyancy mounted in a manner similar to an 
inflated collar paragraph 5.1.1.2 allows ”... buoyant material 
for rescue boats may be installed external to the hull, provided it 
is adequately protected against damage and is capable of 
withstanding exposure” 


Paragraph 5.1.1.3 The first line in slightly amended to read: 
“Rescue boats may be either of rigid or inflated construction or a 
combination of both...” 


Paragraph 5.1.1.3.2 Seating arrangements has been 
clarified as follows: 


“Notwithstanding Regulation 42.1.5 seating, except for the 
helmsman, may be provided on the floor, provided the seating 
space analysis in accordance with paragraph 4.4.2.2.2 uses shapes 
similar to Fig.1(Reg. 42.2.2.2) but altered to an overall length of 
1190mm to provide for extended legs. No part of a seating space 
shall be on the gunwale, transom, or on inflated buoyancy at the 
sides of the boat.” 


This is fairly self-explanatory but the most likely outcome 
of these changes is that some of the smaller boats currently 
approved may find it difficult to accommodate 5 seated 
persons and a stretcher case, using this criteria, but this 
opinion may be proved wrong in practice. 


As with liferafts and lifeboats the technical requirements 
for some equipment have been changed. 


Paragraph 5.2 — Fast Rescue Boats 


IMO have had requirements for fast rescue boats for some 
time in resolution A.656(16) though these were aimed 
primarily at the offshore industry. These new requirements 
are similar in many respects but with some detail changes. 
The boats are to be not less than 6m or more than 8.5m. 
They are to be capable of maintaining 20 knots for 4 hours 
with a 3 man crew on board, and 8 knots in the fully loaded 
condition. They are to be self righting or easily righted by 
the crew and self-bailing or capable of being rapidly cleared 
of water. Fast rescue boats are wheel steered and controlled 
from a central console. 
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The launching systems for fast rescue boats differ 
significantly in some respects from those for other survival 
craft that are given in Chapter VI. The launching appliance 
is to be fitted with means to dampen wave induced motions 
during launching, “The device shall include a flexible element 
to soften shock forces and a dampening element to cancel out 
oscillations.” The launch winch is to be self tensioning, to 
avoid slack in the fall in all sea conditions; the brake shall 
be designed to limit shock loading on the system and to 
limit the launch speed to 1m/s. The recovery speed is to be 
0.8m/s as opposed to 0.3m/s for normal rescue boats. 


4.6 Chapter VI - Launching and 
Embarkation Appliances 
(Regulation 48) 


Paragraph 6.1 Launching and embarkation appliances 
There are a number of small but important changes. 


Paragraph 6.1.1.6 Looks at the capability of launching 
appliances on oil, chemical and gas tankers to operate with 
the ship in the damaged condition which “shall be capable of 
operating at the final angle of heel on the lower side of the ship 
taking into consideration the final damaged waterline of the 
ship.” Many, but not all, davits are now designed in the 
knowledge that the ship’s final angle of heel may exceed 
the usual maximum of 20 degrees. In the event that heel in 
the final damage condition exceeds 20° Surveyors should 
verify that the davits are appropriately certified and that 
deck edge immersion does not occur at the launching 
station which would contravene Regulation II/13.1.2. 


Paragraph 6.1.1.9 Rescue boat winch requirements now 
includes a requirement for the launching appliance to be 
fitted with a powered winch for recovering the fully 
equipped and loaded rescue boat at a rate of not less than 
0.3m/s. Previously there was no requirement for the winch 
to be powered, though it is unlikely that a fully loaded 
rescue boat could have been recovered at this speed by 
hand. 


Paragraph 6.1.2.5 Winch brake test requirements are 
extended to require winches to have sufficient strength to 
withstand a static load of 1.5 times and a dynamic test of 1.1 
times the maximum working load. 


Paragraph 6.1.4 Deals with free-fall launching appliances 
which will be dealt with in Section 6 of the paper. 


Paragraph 6.1.5 Finally liferaft launching appliances 
include the clarifications in the previous Regulation and in 
particular release hook requirements are extended and 


made more explicit: 


“The release hook shall include a capability to release the hook 
under load. the on-load release control shall: 


.1 be clearly differentiated from the control which activates the 
automatic release function; 


.2 require at least two separate functions; 
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.3 with a load of 150kg on the hook, require a force of at least of at 
least 600N and not more than 700N to release the load, or provide 
equivalent adequate protection against inadvertent release of the 
hook; and 


4 be designed such that the crew members on deck can clearly 
observe when the release mechanism is properly and completely 
set.” 


Paragraph 6.2 Marine evacuation systems (MES) 


These are new requirements and will be dealt with in 
Section 5. 


4.7 Chapter VII - Other life saving 
appliances 


Paragraph 7.1 Line-throwing appliances (Regulation 49) 
remains unchanged. 


Paragraph 7.2 General 
(Regulation 50) 


emergency alarm system 


The requirements are considerably modified and in 
addition to the text given below the Conference on ro-ro 
passenger ships have added their own requirements as 
indicated in Regulation 6 of Chapter III above may involve 
at least some minor modification of the following text to 
make both approaches compatible. 


“7.2.1 General emergency alarm system 


7.2.1.1 The general emergency alarm system shall be capable of 
sounding the general alarm signal consisting of seven or more 
short blasts followed by one long on the ship's whistle or siren and 
additionally on an electrically operated bell or klaxon or other 
equivalent warning system, which shall be powered from the 
ship's main supply and the emergency source of electrical power 
required by Regulation I-1/42 or II-1/43, as appropriate. The 
system shall be capable of operation from the navigating bridge 
and, except for the ship's whistle, also from other strategic points. 
the system shall be audible throughout all the accommodation and 
normal crew working spaces and open deck. The alarm shall 
continue to function after it has been triggered until it is 
manually turned off or is temporarily interrupted by a message 
on the public address system. 


7.2.1.2 For passenger ships, the general emergency alarm system 
shall be audible on all open decks. 


7.2.1.3 The minimum sound pressure levels for the emergency 
alarm tone in interior and exterior spaces shall be 80dB(A) and at 
least 10dB(A) above ambient noise levels existing during normal 
equipment operation with the ship underway in moderate 
weather. In cabins without a loudspeaker installation, an 
electronic alarm transducer shall be installed, i.e. a buzzer or 
similar. 


7.2.14 The sound pressure levels at the sleeping position in 


cabins and in cabin bathrooms shall be at least 75 dB(A) and at 
least 10 dB(A) above ambient noise levels.” * 
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* Reference is made to the “Code of Alarms and Indicators” 
Resolution A.686(17) 


“I 
Nn 
> 


2 Public address system 


7.2.2.1 The public address system shall be a loud speaker 
installation enabling the broadcast of messages into all spaces 
where the crew members or passengers, or both, are normally 


present, and to muster stations. It shall allow for the broadcast of 


messages from the navigating bridge and such other places on 
board the ship as the administration deems necessary. It shall be 
installed with regard to acoustically marginal conditions and not 
require any action from the addressee. It shall be protected against 
unauthorised use. 


7.2.2.2 With the ship underway in normal conditions, the 
minimum sound pressure levels for broadcasting emergency 
announcements shall be: 


1 in interior spaces 75dB(A) and at least 20dB(A) above the 
speech interference level, and 


.2 in exterior spaces 80dB(A) and at least 15 dB(A) above the 
speech interference level” 


It is fairly obvious that sound level surveys will have to be 
carried out by specialist organisations, due to the number 
spaces and rooms to be checked, particularly on passenger 
ships, and the Surveyors’ role will be to satisfy themselves 
that the survey has been carried out in a competent manner. 
It is for this reason that the requirements are set out in full. 


This concludes the discussion of the changes to Chapter III 
and the introduction of the related LSA Code and I would 
now like to consider Marine evacuation systems and Free- 
fall lifeboats. 
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5 Marine Evacuation 
Systems (MES) 


Marine Evacuation Systems form one of the two major 
changes in the field of life-saving appliances in these 
amendments. A number of installations are already 
approved by individual Administrations, but this is the first 
attempt to formulate agreed international Regulations. 


Figure 8 - A “Viking” MES of a type similar to that used to 
successfully evacuate 1250 passengers and crew from a 
Finnish cruise liner in 1994 


The aims of the systems are to provide a means of rapidly 
and safely transferring a large number of persons from a 
ship having a high freeboard to floating survival craft and 
is particularly appropriate to passenger ships. A system 
consists of a means of transferring passengers down some 
sort of slide or chute to a large open floating platform and 
thence to large inflated liferafts. It will also be recalled that 
a large proportion of passenger ship survival craft are davit 
launched liferafts, which means that each one must be 
brought to, and attached to its davit, inflated, boarded and 
launched. This is a difficult and time consuming task in 
good conditions and in an actual emergency with perhaps 
wind, waves, list and trim providing additional problems 
in transferring passengers to the raft and then launching it 
down the side of a large ferry is a challenge few of us would 
wish to face. The liferaft capacity that forms part of the MES 
replaces the davit launched raft capacity required by 
Regulation I[/21.1.1.1 or 21.1.2.1. 


There are two types of MES currently in production. One 
being an inflatable slide, not unlike those used on aircraft 
for emergency evacuation, leading down to a floating 
platform which in turn provides access to inflatable liferafts 
accommodating 50 or more persons each. The other type is 
a flexible chute that is deployed vertically and is sub- 
divided by diagonal layers of material so as to create a 
zigzag path down which to slide to the platform; 
intermediate exits are available to accommodate changes in 
freeboard. 
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In the Regulations these slides or chutes are referred to as 
the passage. The platform and associated rafts are basically 
the same for either system. The platform is a large open top 
inflatable raft, tethered by painters to the ship, and the rafts 
are throw-over types having capacities of 50 or more 
persons each, which are launched, inflated and brought to 
the platform. The platform must be large enough to 
accommodate two or more rafts alongside at any one time 
and provide enough space for the number of persons 
transiting the passage and transferring to the rafts. The 
accompanying photographs should assist in clarifying this 
description. Evacuation of 400 passengers per chute or slide 
within 30 minutes are claimed. As stated earlier, a single 
twin track chute was used successfully to evacuate 1250 
passengers and crew in approximately one and a half 
hours, though in this instance survivors were transferred 
direct to rescue craft. 


As with free-fall lifeboats, this paper principally concerns 
SOLAS applications but one MES is approved specifically 
for the offshore market, where the high freeboard of 
offshore units and installations allied to the need for rapid 
evacuation of large numbers in an emergency pose similar 
problems to those of passenger ships. 


In order to fully understand how they are to function I 
think it is necessary to look at the Regulations, and 
associated test requirements, at least in a condensed form. 


Figure 9 - Not all Marine Evacuation Systems are of the 
inflatable slide type and this chute, manufacture by Dunlop- 
Beaufort, is fitted to a Canadian passenger ferry. 
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It should be pointed out here that whilst the requirements 
in the Code are finalised the associated amendments to 
IMO Resolution A.689(17) setting out the test requirements 
are not and will not appear in their final form until 1997. 
The test requirements set out below are not expected to 
differ in substance but may receive detail amendment. 


5.1 MES Requirements 
Paragraph 6.2 (of the LSA Code) Marine Evacuation Systems 


This paragraph is broken down into 7 sub-paragraphs, and 
only the salient points of each have been picked out below. 
Surveyors actually engaged in the survey of MES must 
make reference to the full requirements in the Code in 
carrying out their task. 


Paragraph 6.2.1 Construction of the system. 


The construction is to be such as to provide a safe descent 
of persons of all ages, sizes and physical capabilities, 
wearing lifejackets, from the embarkation station to a 
floating platform or liferaft. 


Figure 10 - A Selantic MES of the vertical chute type installed 
on a passenger ro-ro ferry. A similar version of this MES has 
been installed on an offshore unit. 
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The strength of the slide or chute and its associated 
platform is to be to the satisfaction of the administration. 
The inflatable slides are made from coated fabrics very 
similar to those used for inflatable liferafts. The vertical 
chutes are produced from high strength woven aramids 
such as Kevlar or similar materials, which are translucent or 
open mesh to admit light. 


The bottom platform must obviously be of adequate size 
and strength for the number of persons for which the 
system is certified, given as 20% of the number the system 
is certified for divided by 4 in m* or 10m* whichever is 
greater. It must be self draining, and the buoyancy 
chambers sub-divided so that the loss of gas in one 
chamber does not restrict the use of the platform. It must be 
stable bearing in mind the variable conditions of loading 
with people arriving at the bottom of the passage and 
transferring to rafts alongside. Bowsing lines, or similar, 
must deploy with the system to hold it in place. 


Paragraph 6.2.2 Performance of the system 


The system is to be capable of deployment by one person. It 
should be capable of transferring the number of persons for 
which it is certified to a survival craft in 30 minutes in the 
case of passenger ships or 10 minutes for cargo ships. 


Deployment must be possible under unfavourable 
conditions of trim up to 10° and list of 20° either way. In the 
case of an inclined slide it should deploy at an angle to the 
horizontal of between 30° and 35° with the ship in the 
lightest seagoing condition and in the case of a passenger 
ship, 55° in the final damage condition. Systems with a 
vertical passage have exits at various levels to cope with the 
variations in freeboard. 


Paragraph 6.2.3 Associated inflatable liferafts 


The liferafts must be stowed close to the passage but with 
enough clearance to ensure they drop clear of the bottom 
platform. Whilst stowed in racks they need to be launched 
individually with arrangements which will enable them to 
be moored alongside the platform. 


Figure 11 - An RFD MES undergoing initial testing following 
installation on a passenger ro-ro ferry. 
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Paragraph 6.2.4 Containers for the system 


The stowage container should be properly designed and 
adequate for shipboard use, but may depend upon whether 
the system is stowed on an open deck or from an enclosed 
muster/embarkation station. Launching and operating 
instructions are to be provided on or adjacent to the 
container which is to be marked in a similar manner to 
other LSA with approval authority, capacity ete. 


Paragraph 6.2.5. Marking of the evacuation passage and 
platform. 


The passage and platform must also be marked with 
makers name , serial number, date of manufacture etc. 


Paragraph 6.2.6 Communication requirement for the system 


Communication between the embarkation station, platform 
and survival craft are to be ensured. This will normally be 
by portable VHF radios carried specifically for that purpose 
and additional to those required by Regulation 6. 


Paragraph 6.2.7 Training and on-board training aids 


Finally the usual service and training manuals and aids are 
required on board the ship. Equally important is a 
requirement for the provision of adequate shoreside training 
facilities including provision for actual deployment of a 
system similar to that used on board the ship. Whether such 
facilities are to be provided by the owners, manufacturer or 
Administration is open to question at the moment. The cost 
of deploying and repacking a shipboard system, in terms of 
delay to the ship, means that this is not possible on a 
frequent basis therefore adequate crew training must be 
reliant on shoreside facilities. 


5.2 Testing Marine Evacuation Systems 


A new paragraph 12 of Assembly Resolution A.689(17) is 
currently under development and will not be finalised until 
1997. This delay is unfortunate since it means they will not 
be available to industry until 12 months or so before the 
associated Regulations enter into force i July 1998. The 
following requirements are, therefore, provisional and no 
attempt has been made to include all the detail that will 
appear in the final schedule. 


Paragraph 12 is broken down into 6 sub-paragraphs. 
Paragraph 12.1 Materials Those used for MES are to be 
tested in a similar manner to that laid down in paragraph 5 
of the Resolution. 

Paragraph 12.2 Marine evacuation system container 

The container must allow the system to be deployed by a 
single person and if more than one action is required means 
are to be provided to prevent incorrect operation. 

A static load equal to 2.2 times the maximum load on the 


system is to be applied to the structural attachment to the 
ship. This maximum load allows for the loads imposed by 
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fully loaded rafts attached to the platform with the ship 
moving at 3 knots against a head wind of force 10. There 
should be no significant deformation under test. Most of 
the load imposed by headway and wind will be taken up by 
the mooring arrangements which deploy with the system. 
The container is to be hose tested for weathertightness and 
opening and closing arrangements subjected to repeated 
operation. 


Paragraph 12.3 Marine evacuation passage 


The prototype test requirements are that inflated passages 
must be capable of supporting a load of 150kg (2 x 150kg in 
the case of twin slide paths) at the mid point without undue 
deflection or distortion. The connection between the 
passage and the container must support a load of 2.2 times 
the maximum designed load for 30 minutes for both types 
of passage. Types of passages of either type are to be 
subjected to a test using twice the number of persons of 
varied physique, sex etc., that it is to be certified for, and 
remain in a serviceable condition, and both types must 
remain safe in wet weather conditions. 


Paragraph 12.4 MES platform, if fitted 


The platform is loaded with 5% of the number of persons 
for which the system is certified each wearing a lifejacket 
and the freeboard should not be less than 300mm all round. 
The same test is carried out with 50% buoyancy loss and it 
should still retain positive freeboard. Self-draining 
capabilities are to be demonstrated along with low and 
high temperature inflation capabilities. 


Paragraph 12.5 Associated inflatable liferafts 


These rafts should meet the requirements laid down for 
other inflatable liferafts. Deployment both together with 
the system and independent of the system including float 
free capabilities must be demonstrated. 


Paragraph 12.6 Performance testing 


The performance testing schedule is both rigorous and 
costly involving an actual installation on board a ship both 
in a harbour and at sea. 


The capacity is evaluated by means of timed harbour trials 
using the number of persons for which it is to be certified. 
People used in these trials should be representative of the 
passengers and crew likely to use the system. 


A trial deployment at sea should indicate that the system is 
capable of satisfactory operation in a wind of force 6, allied 
to 3m. wave heights. These trials include the launching and 
inflation of the associated liferafts. The system is first 
deployed with the ship in a simulated “dead ship” 
condition with the bow into the wind. The deployment 
observed from the ship to ensure that both the passage and 
platform form a stable evacuation system. The parent vessel 
is then manoeuvered to place the system on the lee side and 
then allowed to drift freely. The designated platform crew 
are the first to descend and they must retrieve at least two 
liferafts which have been launched by the crew on board 
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and bring them alongside the platform. Only when the 
Surveyor is satisfied with these tests does the final test take 
place, with an evacuation to the platform and thence into 
liferafts of about 20 persons. This procedure is then 
repeated on the weather side of the ship. Safety 
considerations dictate that these trials should be earried out 
using properly trained and equipped personnel with 
adequate safety craft standing by. The use of such personnel 
does mean that the results may be judged stringently. 
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Many successful designs of free-fall lifeboat have already 
been in use for some years. The Robert Gordon Institute in 
Aberdeen has conducted over 1000 training launches and 
approximately 15,000 people have participated in similar 
training world-wide without recorded mishap or injury. In 
their initial development these boats were approved ahead 
of international legislation by largely empirical methods to 
National Administration requirements. IMO produced 
guidance in the form of MSC/Cire 510 on 26 April 1989 and 
many of the boats now in use were tested and certified in 
accordance with that circular. The Regulations now under 
consideration, are built upon that experience allied to a 
more scientific approach arising from research carried out 
in the United States. Much of the recent research on free-fall 
launching has been carried out by Professor James K. 
Nelson and his colleagues at Clemson University in the 
USA. Jim Nelson acts as advisor on life-saving appliances 
to the United States delegation at IMO, and the final shape 
of the new Regulations depend to a large measure on his 
work in that capacity. 


In order to understand the Regulations, some knowledge of 
how a free-fall lifeboat works and the factors which govern 
its performance is requird. 


A free-fall lifeboat is mounted on a sloping ramp at the 
stern of the ship. On each side of the boat at about the waist 
line are rails which rest on rollers set into the ramp. Once 
the crew are embarked the release is operated and the boat 
runs down the ramp, clears the ship, and drops in an arc to 
the sea where it contacts bows first at an angle of around 70 
degrees. The boat then submerges, rises to the surface 
under its buoyancy and heads away from the casualty. 


6.1. Basic Launch Behaviour 


The figures indicate the forces which act on the boat at each 
stage of a launch. In Figure 12 the boat is static at the 
beginning of the launch, the main components are the 
length and angle of the ramp, the mass of the boat and its 
distribution, and the free-fall height. 


Launching 


ramp 
aM Launch rail 


Centre of gravity 


Launch offset 
, Launch ramp 
Launching angle (LRA) 
ramp length 
R T 

ak , | Free-fall 

certification 
“ 
height 
Water surface 


Figure 12 - Free-fall lifeboat on the launch ramp 
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As the boat is released that component of its mass acting 
parallel to the ramp, accelerates it down the ramp. The 
greater the distance between the centre of gravity (CG) and 
the lower end of the ramp, at the commencement of the 
launch, the longer the boat will be accelerated and the 
greater the speed of the boat. At this stage the only forces 
acting on the boat are its weight and friction, apart, 
perhaps, from any small accelerative force from ship 
motion. 


Weight 


Figure 13 - Free-fall lifeboat rotation phase. 


Once the CG of the boat passes the end of the ramp the 
lifeboat begins to rotate, and the parameters of Figure 13 are 
applicable, a couple being formed by the mass of the boat, 
the distance of the CG beyond the end of the ramp and the 
reactive force of the ramp itself. The rotational acceleration 
obviously increases as the CG extends further beyond the 
end of the ramp and continues to do so until the aft end of 
launch rail on the boat is no longer in contact with the ramp 
and the free-fall stage commences. 


i 
a1 


Water surface 


Weight Bouyancy 


Figure 14 - Free-fall lifeboat entry phase 


Once into the free-fall phase, the rotation continues with a 
constant angular velocity, until the lifeboat makes in contact 
with the water and the third phase begins. The angle at 
which the boat contacts the water depends upon this 
angular velocity and the distance between the bottom of the 
launch ramp and the water at the time the boat clears the 
ramp. The speed of the boat at contact obviously depends 
upon this height and gravitational acceleration at 
9.81m/sec/sec. With the present mathematical models it is 
assumed that there are no other external forces, such as 
wind, which might change the constant state. Upon contact 
with the water, as shown in Figure 14, the boat submerges 
and a couple is formed between the centre of buoyancy and 
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Figure 15 - A birds eye view of a free-fall lifeboat launch sequence forming part of the initial installation testing programme 


the centre of gravity again rotating the boat, but in the 
opposite direction, bringing first the bows up and finally 
the boat surfaces on close to even keel with the residual 
kinetic energy providing headway away from the casualty. 
Again present mathematical models ignore possible action 
of wave forces during the entry phase. 


It is obvious from the preceding two paragraphs that the 
CG has a significant effect on free-fall performance and 
unless the boat is launched with the same number of 
occupants every time this must vary. Tests or simulation 
must prove that the launch ramp/boat combination are 
capable of producing satisfactory results, not only with a 
full load, but also with the CG located as far forward or aft 
as is likely to occur with the boat partly occupied, or with 
the launch crew only, embarked. In particular if the angular 
velocity is too high associated with a large drop height, 
over-rotation may occur causing the boat to hit the water 
canopy first or if contact is close to vertical then the boat 
will resurface stern first with little or no headway. 


The paper does not give detailed equations covering free- 
fall behaviour since the primary aim is to show the basic 
factors considered when the Regulations were being 
developed. For those who become involved in the design, 
approval or testing of free-fall lifeboats MSC/Circular 616 
“Evaluation of Free-Fall Lifeboat Launch Performance”, of 
22 June 1993 is an essential document. This circular runs to 


some 60 pages and hence is too long to include here. 
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6.2 The Regulatory Approach 


The factors to be considered if the lifeboat and its occupants 
are to survive a free-fall launch, may be summarised as: 
.1 The lifeboat must have sufficient reserve structural strength 
to not only survive the launch and any unforeseen eventuality 
but to do so repeatedly over the life of the boat during training 
launches. 


.2 It must act satisfactorily during the launch and make 
positive headway after water entry. 


3 It must at all timesprotect the occupants from injury. The 
emphasis is on maintaining accelerations within acceptable 
limts. 


4 it must fulfil all the other criteria laid down for totally 
enclose lifeboats except for those which only have specific 
reference to davit launched boats such as side impact strength 
etc. 


Strength has not so far been considered, but it will be 
obvious that not only must the hull structure withstand the 
hydrodynamic forces of the launch but also the hydrostatic 
forces of submersion. When compared with other small 
craft lifeboats are infrequently used, even for training, so 
fatigue is of lesser importance than is the case with a boat in 
daily service and simple robust construction is the primary 


aim. The hull must have sufficient strength to cope with the 
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foregoing forces and sufficient reserve strength to cope with 
unforeseen eventualities, such as debris in the water. No 
regulatory requirements are laid down for the strength of 
lifeboat construction and approval is based upon 
satisfactory prototype testing. In the case of free-fall this is 
by means of a launch of a fully loaded boat from a height 
equal to 1.3 times the certified height. 


A point not yet considered is what happens to the 
occupants whilst all this acceleration, rotation, impact, and 
submersion is going on. 


This has been the focus of much thought and consideration 
but fortunately there is a large body of knowledge on the 
effects of accelerations on the human frame arising from 
research in the space, aircraft and motor industries which 
can be used. A lot of work has been done in adapting this 
free-fall launching, and 
mathematical models which have been demonstrated to 


experience to producing 
have a good correlation with full scale test results. The 
human frame is capable of withstanding quite high 
accelerations; figures in excess of 4g are routinely 
experienced by military jet fighter pilots and Formula One 
motor racing drivers for the most part walk away from 
accidents involving contact with tyre barriers at over 
200km/hr. with little more than bruises, mild concussion 
and a headache. 

Davit launched boat accelerations are measured during 
side impact test where the boat is swung against a solid 
wall to represent contact with the ship’s hull during launch. 
Occupants are seated facing inboard and undergo 
accelerations in this case principally in the X axes, -X or 
“eyeballs out” and +X or “eyeballs in”, or more simply 


Seat axes 


Lifeboat seat 


Figure 16 - Free-fall lifeboat seat orientation 


facing the impact or back to the impact and the body frame 
accepts higher figures with the back to the impact. 


In the case of free-fall lifeboats the principal accelerations are 
also in the X axis though in this case the seats face aft with 
additional accelerations in the Z axis, +Z being “eyeballs 
down’, equivalent to an acceleration in the upward direction 
through the seat pan and -Z being the opposite direction, see 
Figure 16. Whilst free-fall lifeboat seats normally face aft, in 
some cases, that of the helmsman may face forward. An 
important, and perhaps less obvious, factor is the duration of 
exposure to the acceleration, the longer the exposure the 
greater the possibility of significant injury. 


Impact produces the first peak acceleration and as the boat 
rotates in the water, under the influence of the couple 
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formed between the LCB and LCG a second peak 
acceleration occurs when the stern contacts the water 
surface and the boat starts to lift back to the surface. As is 
shown in Figure 16 it is common practice to incline the seat 
and indeed the angle of inclination may vary dependent 
upon the position in the boat, since by inclining the seat it 
is possible to resolve the accelerative forces in such a way as 
to reduce the peak in one direction and transfer to the other. 
The model which has formed the main basis of approval up 
to now is a simple empirical one, taking the square root of 
the sum of the squares of the accelerations in each of the 
three axes, X, Y, and Z, which should be less than one. The 
Y axis, which we have not mentioned, is horizontal and 
parallel to the shoulders. The weakness of this approach is 
that it takes no account of time and the acceptance criteria 
adopted and tends to over estimate the injury potential of a 
given acceleration. 


The favoured model, now being used in an increasing 
number of cases, is the Dynamic Response Model, which is 
much more sophisticated, and considers the body as a 
sprung mass and based upon the concept that each body 
axis can be idealised as an independent, single degree of 
freedom, sprung mass system. This model was developed 
by Professor Nelson and his colleagues for the purposes of 
free-fall assessment, from earlier work in the military 
aircraft field. The acceptance criteria are based upon the 
results of the many tests carried out using volunteers, 
under laboratory conditions, resulting in no injuries. The 
dynamic response model has been further refined by using 
the displacement of the body mass relative to the seat 
support to calculate acceptable levels of acceleration. This 
reduces the computation time required in evaluating a 
given acceleration field. 


An important point arising from the use of relative 
displacement is the need for a body to be firmly located in 
the seat. A body allowed free motion acting under an 
acceleration of say 5g has an effective weight of 375kg using 
the IMO standard 75kg seaman. If allowed free movement 
it seems obvious that serious injury would arise if the body 
came into contact with the seat back in front or perhaps the 
canopy above, depending on the direction of the 
accelerative force, but if held firmly in the seat by a harness 
having shoulder and lap straps then the strength of the seat 
is imparted to the body, as is the case when a splint is 
applied to a broken leg. Restraint of this kind considerably 
limits the possibility of either skeletal or muscular damage, 
providing the straps and their location are well designed. 
They should be strong, of reasonable width, easy to adjust 
and fasten, and located to provide good support to the torso 
and across the hips/upper thigh area, for a range of sizes 
(heights 1.40m to +1.80m./weights -60kg to +80kg). The lap 
strap arrangement is important since one of the major 
accelerations is down the spine and unless the lap area is 
firmly restrained the body can slide down and forward 
underneath the belt. 


It would be a very expensive exercise to carry out tests for 
each possible variation of loading, ramp angle, due to 20° 
list and 10° trim either way, and launch height using a full 
scale lifeboat every time. Testing using models was tried in 
the early days, with limited success, until correct scaling 
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factors were developed. The preparation of scale models, 
the derivation and application of scaling factors, and the 
measurement of the second moment of mass proportional 
to the full scale boat, now enables full scale launch 
behaviour is to be accurately predicted from model tests. 
These factors are explained in MSC/Circular 616 which 
expands and refines the test criteria given in Resolution 
A.689(17). Provided model testing is correctly carried out in 
accordance with this circular then it can be an invaluable 
tool in refining the design and reducing the number of full 
scale tests to be carried out. Model results must, however, 
be properly validated by an adequate full scale test 
programme before approval of the boat is granted. 


Figure 17 - A vertical drop test used to validate model test 
results, the boat is slung so that the keel angle equals that of 
the model at impact. In this case the boat is being dropped at 
1.3 times the certified height. 


As with other lifeboats or life-saving appliances, materials, 
methods of manufacture, strength, hull form etce., are not 
prescribed but the Regulations attempt to lay down a 
performance standard, compliance with which can then be 
demonstrated by the successful completion of an 
appropriate prototype test programme. 


This up-dates the development of free-fall lifeboats from 
that set out in LRTA Paper No.3 of 1989-90 and will, | hope, 
enable those colleagues who become involved in either 
prototype approval or installation testing to have some 
understanding of the background to the Regulations and 
applicable tests. 


It seems appropriate now to look at these Regulations and 
tests. 
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6.3 LSA Code Paragraph 4.7 Free-fall 
Lifeboats (Regulation 44.6) 


“4.7.1 General requirements 


4.7.1.1 Free-fall lifeboats shall comply with the requirements of 
Regulation 44 and in addition shall comply with the requirements 
of this Regulation. 


4.7.2 Carrying capacity of free-fall lifeboats 


4.7.2.1 The carrying capacity of a free-fall lifeboat is the number 
of persons that can be provided with a seat without interfering 
with the means of propulsion or the operation of any of the 
lifeboats equipment. The width of the seat should be at least 
430mm. Free clearance in front of the backrest shall be at least 
635mm. The backrest should extend 1000mm above the seatpan. 


4.7.3 Performance requirements 


4.7.3.1 Each free-fall lifeboat should make positive headway 
immediately after water entry and should not come into contact 
with the ship after a free-fall launching against a trim of up to 10 
and a list of up to 20 either way from the certification height when 
fully equipped and loaded with: 


1 its full complement of persons; 


.2 occupants so as to cause the centre of gravity to be in the 
most forward position; 


.3 occupants so as to cause the centre of gravity to be in the 
most aft position; and 


4 its operating crew only. 


4.7.3.2 For oil tankers, chemical tankers, and gas carriers with a 
final angle of heel greater than 20 calculated in accordance with 
the International Convention for the Prevention of Pollution from 
Ships 1973, as modified by the 1978 Protocol related thereto and 
the recommendations of the Organisation, as applicable, a lifeboat 
shall be capable of being free-fall launched at the final angle of heel 
and on the base of the waterline of that calculation. 


4.7.3.3 The Required Free-Fall Height should never exceed the 
Free-Fall Certification Height. 


4.7.4 Each free-fall lifeboat shall have sufficient strength to 
withstand, when loaded with its full complement of persons and 
equipment, a free-fall launch from at least 1.3 times the Free-Fall 
Certification Height. 


4.7.5 Protection against harmful acceleration 

Each free-fall lifeboat shall be so constructed as to ensure that the 
lifeboat is capable of rendering protection against harmful 
accelerations resulting from being launched from the height for 
which it is to be certified in calm water under unfavourable 
conditions of trim of up to 10 and list of up to 20 either way when 
it is fully equipped and loaded with: 


1 its full complement of persons; 


.2 occupants so as to cause its centre of gravity to be in its 
most forward position; 
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3 occupants so as to cause its centre of gravity to be in its 
most aft position; and 


4 the operating crew only. 
& Pe 


4.7.6 Lifeboat fittings 
Each free- lifeboat shall be fitted with a release system which shall: 


.1 have two independent activation systems for the release 
mechanisms which may only be operated from inside the 
lifeboat and marked in a colour that contrasts with its 
surroundings; 


.2 be so arranged as to release the boat under any conditions 
of loading up to at least 200% of the normal load caused by the 


fully equipped lifeboat when loaded with the number of 


persons for which it is to be approved; 


3 be adequately protected against accidental or premature 


use; 


4 be designed to test the release without launching the 
lifeboat; 


5 be designed with a factor of safety of 6 based upon the 
ultimate strength the materials used. 


4.7.7 Certificate of approval 

In addition to the requirements of Regulation 42.1.2 the 
certificate the certificate of approval for a free-fall lifeboat shall 
also state: 


e Free-fall Certification Height 


e Required Launch Ramp Length 


e Launching Ramp Angle for the Free-fall Certification Height.” 


6.4 Free-fall Lifeboat Testing 


A large proportion of the testing required for totally 
enclosed lifeboat is the same for davit launched or free-fall 
launched lifeboats since they differ only in the method of 
launching. Common test requirements, materials testing, 
engine and in water performance tests, waterspray and air 
support tests where applicable. 


The strength of the hull, and seats is validated by dropping 
or launching the boat in the fully loaded and equipped 
lifeboat from a height of 1.3 times the free-fall certification 
height. 


The acceleration forces are measured at the location of the 
worst occupant exposure, this may be derived from 
computed values. The ability of the boat to make headway 
after the launch is verified by tests from the free-fall 
certification height with a fully loaded boat as well as 
model tests in the various test conditions. Additional tests 
may be required with seats forward of the CG only 
occupied, seats aft of the CG only occupied and with the 
launching crew only, in order to verify model tests results. 
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Figure 18 - A Harding-Watercraft prototype free-fall lifeboat 
produced with a clear gel coat enabling any possible laminate 
damage to be readily ascertained. 


Dropping rather than ramp launching may be used since 
the model tests should have indicated satisfactory launch 
behaviour. Drops must however be carried out with the 
boat's keel angle to the water surface equal to that obtained 
in the model tests in each of the loaded conditions. The test 
requirements are set down in Assembly Resolution 
A.689(17) Testing of Life-saving Appliances, paragraph 6. 
Reference should also be made to MSC/Circular 616, as 
mentioned above as this includes invaluable advise on 
testing and the interpretation of results. 


Whilst all the foregoing remarks are considered in the 
context of SOLAS and ships, it must be remembered that 
free-fall lifeboats are frequently used in the offshore 
industry where the benefits of rapid evacuation, are equally 
beneficial. Measured accelerations for launch heights in 
excess of 25m are well within acceptable limits and there 
are a number of offshore installations where numerous 
practice launches have been carried out from such heights. 


Figure 19 - A “Greben” lifeboat just before impact. 


29 


7 Conclusions 


The great emphasis on training in these Regulations points 
to the area where the greatest benefit is to be derived in 
safety at sea. It is a statistical fact that most marine 
casualties arise through human error of one form or 
another; such as navigational error, and lack of or incorrect 
maintenance, which form the largest categories. As stated 
earlier the IMO are now placing great emphasis on this and 
the changes to Chapter III of SOLAS form only a small part 
of their efforts, with changes to the Convention on 
Standards of Crew Training and Watchkeeping (STCW) 
etc., also taking place at this time. 


In line with this philosophy Surveyors also must maintain 
their expertise through training. The one certain thing in 
the future is that we will continue to face the task of 
familiarisation with new Rules and Regulations such as 
those just outlined. We must also maintain and extend our 
knowledge in those areas with which we are not familiar, 
and practical training in surveying is again receiving 
attention. Life-saving appliances are increasingly complex, 
and to successfully carry out Safety Equipment surveys 
requires a very good knowledge of how they work. 
Whenever an opportunity arises to examine liferafts during 
servicing, to look at lifeboat release gears during overhaul, 
davit winch brakes and centrifugal controls opened up, 
Surveyors must take the chance see how they work and, 
more importantly, see where problems may arise. It is the 
combination of regulatory knowledge with practical 
engineering experience which makes for good surveys. Port 
State Control means that a Surveyor’s work is always 
under close scrutiny by third parties. It is essential that life- 
saving appliances are properly installed, properly tested 
and properly maintained. Anything less is not acceptable. 


What of the future? Thought is being given at the IMO to 
moving away from prescriptive legislation towards the 
“Safety Case” approach; that is the setting of a series of 
objectives to be achieved, each of which contribute towards 
a safe environment. These may consist of management 
systems, shipboard procedures, machinery design, etc., all 
aimed at minimising the risk of failure and disaster. In the 
authors opinion at least, it seems unlikely, that prescriptive 
Regulations will become redundant for some time, in so far 
as equipment and arrangements are concerned. There is a 
need to tighten up approval and certification procedures 
for life-saving appliances. Problems do arise when one 
Administration refuses to accept equipment approved and 
certified by another because of doubts about the quality of 
materials or manufacturing or thoroughness of testing. 
Procedures are now under consideration at IMO to develop 
a standardised prototype test report to assist with this 
problem, but in addition to this there has to be a strong 
argument for standardising quality assurance criteria 
governing manufacture. Production units must be equal to 
the prototype in every respect, every time; lives may 
depend upon it. Regrettably experience seems to indicate 
that QA standards do vary around the world. 
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The Management for the Safe Operation of Ships (ISM 
Code) comes into force 1 July 1998 for passenger ships, oil 
and chemical tankers, bulk carriers, gas carriers and cargo 
high speed craft of 500 gross tons and above and for other 
ships 4 years later. The satisfactory operation of this Code, 
particularly on board ships, allied to life-saving appliances 
manufactured, installed, certified and maintained in 
accordance with the Regulations should lead to improved 
standards. 


As the standards of management and operations improve 
and technology advances the more global goals can be set 
and means other than lifeboats etc., may be found which 
will ensure the safety of the crew when all else fails, 
assuming that there is still a crew, and ships are not 
controlled from satellites. 
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Appendix 1 
Manufacturers of Marine 
Evacuation Systems 


Dunlop-Beaufort Limited 
Beaufort Road, 
Birkenhead, 

Merseyside L41 1HQ 

Tel. +44 151 6529151 . 
Fax. +44 151 653 6639 


RFD Limited, 

RFD House, 

11-13 Okford Road, 
Godalming, 

Surrey GU7 1QU 
Tel. +44 14868 4122 
Fax. +44 14868 29940 


Selantic Industrier AS 

N-6740 SELJE, 

Norway 

Tel. +47 57 56 350 Fax. +47 57 56 515 


Viking Life-Saving Equipment A/S 
P.O. Box 3060, 

DK — 6710 Esbjerg V 

Denmark 

Tel. +45 75 15 06 44 Fax +45 75 15 8055 
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Appendix 2 


Manufacturers of Free-Fall 


Lifeboats 


Beihai Shipyard 

Yan Er Dao 

Qingdao 

Peoples Republic of China 


Ernst Hatecke GmbH 
Postbox 11 07 
D-21703 Drochtersen 
Germany 

Tel. +41 43 91 520 
Fax. +41 43 91 52 40, 


Greben Shipyard 
50270 Vela Luka 
Croatia 

Tel. +50 82 028 
Fax. +50 82 202 


Harding — Watercraft AS 
N-5470 Rosendal, 
Norway 

Tel.+47 53 48 11 66 
Fax.+47 53 48 17 84 


Harding — Watercraft Ltd., 
Mumby Road 

Gosport 

Hampshire PO12 1AE 
United Kingdom 

Tel. +44 1705 581331 

Fax. +44 1705 582565 


Mulder & Rijke, 
P.O. Box 48, 

1970 AA Ijmuiden 
The Netherlands 
Tel. +31 2550 19129 
Fax. +31 2550 22642 


Schiffswerft Rechlin GmbH 
Boeker Str. 1 

17248 Rechlin (Muritz) 
Germany 


LR I 


Stocznia Utska SA 
Ul Westerplatte | 
76-270 Utska 
Poland 

Tel. +48 59 144 021 


Fax +48 59 144 329 


Verhoef Aluminium Scheepsbouw Industrie 
en Metaalwarenfabriek b.\ 

Molenweg 25 

P.O. Box260 

1430 Aalsmeer 

he Netherlands 
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SYNOPSIS 


A major research and development programme undertaken 
by Lloyd’s Register (LR) to develop a new set of Rules and 
Regulations for the Classification of Special Service Craft (the 
SSC Rules) is now nearing completion and they are scheduled 
for publication formally later this year. 

They have been influenced by developments in national 
and international legislation, recent advances in high speed 
craft technology and the economic and environmental impact 
associated with these types of craft. In particular, the 
introduction of new hull forms, construction materials and 
propulsion machinery, producing generally larger, faster and 
safer craft have had a tremendous impact on the marine 
industry. 

Although these Rules represent a complex set of 
requirements, LR’s aim throughout has been to provide the 
industry with Rules that are clear and user friendly, requiring 
the minimum of cross referencing, yet flexible enough to cater 
for future developments. 

The new SSC Rules cater for high speed craft, light 
displacement craft and yachts with overall length of greater 
than 24 metres, covering mono-hulls, multi-hulls such as 
catamarans, wave piercers, surface effect ships (SES) and 
small waterplane area twin hull craft (SWATH), foil-assisted 
craft, air cushion vehicles (ACV), rigid inflatable boats (RIB) 
and provide a basis for approving novel types of craft. Yachts 
are specially catered for in survey regulations, classification 
requirements and their particular appendages. 

The Rules incorporated some of the classification 
requirements associated with the IMO’s International Code 
of Safety for High Speed Craft (IMO HSC Code), which 
became mandatory on the Ist January 1996. The Rules 
supersede LR’s Rules and Regulations for the Classification 
of Yachts and Small Craft published in 1978 and the 
Provisional Rules for the Classification of High Speed 
Catamarans published in 1991, as well as consolidating LR’s 
experience in this sector of the marine industry. 

Materials of construction considered by the SSC Rules 
include steel, aluminium alloys and composites (FRP/GRP). 
They also provide the basis for the classification of craft built 
of alternative construction materials. 

This paper describes the background leading to the 
development of the SSC Rules and explains the fundamental 
approach to their formulation. 
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1. INTRODUCTION 


As the world economy expands, the demand for faster 
passenger and cargo transport is on the increase. In the 
developed countries such as the European Community, Japan 
and USA, the transportation situation on land is critical, with 
bottlenecks resulting in delays, increased costs and 
environmental pollution. Investments in the infrastructure are 
not keeping pace with transport demand. The opening up of 
eastern Europe and countries in the Asia Pacific Rims will 
probably intensify these problems. 

Air, road and rail transportation all aim at fast and reliable 
services. Sea transportation faces the same demand for 
efficiency, but speed has been an area in which it is hard to 
compete. Technical developments in recent years have 
reduced this disadvantage and made fast sea transportation 
a genuine alternative. 

Recent advances in marine technology, such as propulsion 
systems, computerized structural analysis methods and 
seakeeping analysis techniques, coupled with intense 
commercial pressures, have resulted in ferry operators 
seeking faster ferries which can carry motor vehicles and 
passengers. There is therefore a move towards larger and 
faster craft with lengths in excess of 100 metres being designed 
and built. 

In 1990 Lloyd’s Register (LR) developed Provisional Rules 
for the Classification of High Speed Catamarans and these 
were published in March 1991. 

Following the publication of these Provisional Rules, LR 
embarked on a major research and development programme 
to develop Rules and Regulations for the classification of high 
speed craft. The culmination of these efforts is the impending 
publication of LR’s Rules and Regulations for the 
Classification of Special Service Craft (the SSC Rules). 


2. BACKGROUND 


2.1 International Economic, Political and Environmental 
Developments 


Most developed countries have now created favourable 
conditions for the high speed craft industry to grow. In the 
United States, with the passage of the Intermodal Surface 
Transportation Efficiency Act of 1991, a $151 billion budget 
was made available for the transportation programmes, 
including ferries. In the European Union, a major effort has 
been initiated to undertake research and development into 
waterborne transport. A total of 153 million ECU has been 
earmarked for the programme. In Australia, the expansion of 
the high speed craft industry is one of the national strategic 
objectives. In Japan a need to plan for alternative means of 
national and international passenger and freight trans- 
portation was recognized and the resulting action was the 
organization of a large and focused research programme into 
high speed transportation by sea, code named TSL (Techno- 
Superliner). It has an estimated cost of 18 billion Yen. 

Other countries, notably the Netherlands, Norway, 
Germany, United Kingdom and China have also embarked on 
similar research and development programmes with varying 
levels of financial commitment. 

As the high speed craft market continues to grow so does 
the craft size. A survey of recent development reveals: 


¢ 150 cars and 800 passengers at 40 knots plus, 

¢ fast freight 1000 tonnes — container feeder services, 
strong replacement market — over 200 craft more than 15 
years old to be replaced, 
craft length over 100 metres long, 
speed at 40 knots plus, and 

¢ new hull materials, machinery and equipment. 


A need therefore existed for LR to develop classification 
standards to cater for these new types of craft. 


2.2 International Legislative Development 


The international regulations which govern the construction, 
equipment and the operation of high speed craft are 
incorporated in the IMO International Code of Safety for High 
Speed Craft IMO HSC Code). This has been incorporated into 
a new Chapter X, “Safety Measures for High Speed Craft”, in 
the SOLAS Convention. This makes the IMO HSC Code 
mandatory for all high speed craft, on international voyages, 
constructed after 1 January, 1996. The IMO HSC Code not only 
includes construction and equipment requirements, but also 
operational, maintenance and safety management system 
requirements. Some Administrations and the European 
Community are also looking at applying the IMO HSC Code 
for domestic voyages. 

The IMO HSC Code will provide a modern regulatory basis 
for encouraging the growth of the fast sea transportation 
industry. In addition recreational craft with an overall length 
less than or equal to 24 metres will be covered by the European 
Union Directives for Recreational Craft from June 1996. 


2.3 A Review of Current LR Rules 


LR has always been at the forefront of new developments in 
the marine industry. Examples of early ‘novel’ ships classed 
by LR are many. LR first classed a catamaran in 1874, the 
‘Castalia’, an iron paddle-steamer of some 88 metres in length. 
The first steamer in the Register of Ships was the ‘James Watt’, 
built in 1821 and classed ‘Experimental’; since at that time she 
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was indeed a novel type of craft. Coming now to more modern 
times, LR has amassed considerable experience in the 
classification and certification of all manner of types of mono- 
hull and multi-hull special service craft, largely with lengths 
of up to 50 metres, and constructed from steel, aluminium 
alloy, wood and composite materials. 

LR has published two set of Rules to cater for the small 
craft and the high speed catamaran industry, namely the Rules 
and Regulations for the Classification of Yachts and Small 
Craft (the Yachts and Small Craft Rules) and the Provisional 
Rules for the Classification of High Speed Catamarans (the 
Catamaran Rules). 


2.3.1 The Rules and Regulations for the Classification of 
Yachts and Small Craft 


The current version of the Yachts and Small Craft Rules was 
first published in 1978 and the scope of the Rules are illustrated 
in Figure 1. There have been considerable new developments 
in terms of craft type and size since their publication and it is 
considered that the Rules can no longer provide a sound basis 
for the classification of the new types of craft now being 
designed and built. 


2.3.2 The Provisional Rules for the Classification of High 
Speed Catamarans 


As a result of the growth of the passenger ferry market in the 
late eighties, the Catamaran Rules were developed and 
published in 1991. The following types of craft fall within their 
scope: 


¢ Catamarans, and 
¢ Wave Piercers. 


The Catamaran Rules in their present form only address 
craft built in aluminium alloys. Craft such as SWATH and 
Surface Effect Ship built in aluminium alloys are dealt with 
under the Catamaran Rules with appropriate in-house 
modifications. Multi-hull craft in GRP/FRP are usually 
subjected to special considerations using in-house procedures. 

Craft such as Air Cushion Vehicles are covered by LR’s 
Guidance Notes for Air Cushion Vehicles (1970). There are no 
published Rules for hydrofoils or foil-assisted craft and 
therefore, these types of vessels are approved on the basis of 
individual consideration. In addition the catamaran Rules 
only cover hull construction, the machinery being dealt with 
on the basis of the Ship Rules. The Catamaran Rules therefore 
also required both updating and extending to cover today’s 
requirements. 


2.3.3 Category of craft types to be considered 
Types of craft may be categorised by the following 


considerations: 


Hull form — Mono-hull or Multi-hull. 


Displacement — Light or Heavy (Depends on draft to 
depth ratio). 

Dimension — Length and breadth of craft. 

Gross tonnage — Below or above 500 GRT. 

Operating speed - High or low. 


Service profile — Restricted or unrestricted service. 


Steel Construction 
Scantlings determined by direct 
calculations for craft with parameters 
outside the range of the Rules 


Motor Fishing craft 
VAL, < 10,8 
Speed less than 35 knots, 
Draught to depth ratio less than D 
Scantling length (L) less than 24 m 


Aluminium Construction 


Scantlings determined on the basis of 
steel with material factor and by direct 
calculations for craft with parameters 

outside the range of the Rules 


Motor Fishing craft 
V/NLyw, < 10,8 
Speed less than 35 knots 
Draught to depth ratio less than D 
Scantling length (L) less than 24 m 


Yachts 
VANLw, < 10,8 
Speed less than 35 knots 
Draught to depth ratio less than D 
Scantling length (L) less than 50 m 


Yachts 
VALyw, < 10,8 
Speed less than 35 knots 
Draught to depth ratio less than D 
Length less than 50 m 


* 


Cargo craft 
VAL, $ 10,8 
Speed less than 35 knots 
Draught to depth ratio less than D 
Scantling length (L) less than 50 m 


Cargo craft 
VAL, < 10,8 
Speed less than 35 knots 
Draught to depth ratio less than D 
Scantling length (L) less than 50 m 


* * 


Passenger craft 


Passenger craft 
VALyw, $ 10,8 


VALy, < 10,8 
Speed less than 35 knots 
Draught to depth ratio less than D 
Scantling length (L) less than 50 m 


Speed less than 35 knots 
Draught to depth ratio less than D 
Scantling length (L) less than 50 m 


Note : D* =0,001L + 0,545 
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Composite Construction 


Scantlings determined by direct 
calculations for craft with parameters 
outside the range of the Rules 


Motor Fishing craft 
V/NLw, = 10,8 

Speed less than 35 knots 

Scantling length (L) less than 30 m 


Yachts 
VAN Ly, $ 10,8 
Speed less than 35 knots 
Scantling length (L) less than 30 m 


Cargo craft 
VANLy, < 10,8 
Speed less than 35 knots 
Scantling length (L) less than 30 m 


Passenger craft 
VALyy, $ 10,8 
Speed less than 35 knots 


Scantling length (L) less than 30 m 


Figure 1 Scope of the Yachts and Small Craft Rules 


Function — Passenger, cargo or special duties. 


Material — Steel, aluminium alloys or composite 
materials. 


Mode of operation — Planing, semi-planing, displacement, 
air cushion or foil-assisted. 


From the above considerations, the types of craft that the 
SSC Rules are able to cater for are listed in Appendix A and 
discussed in section 4.2. Some examples of craft types cover 
by the Rules are shown in Tables 1 and 2. 
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Description 


‘ABS — M10' 
ACV 

Patrol 
19m/40 knots 


Composite construction 


‘Condor 9 ' 
Catamaran 
Passenger 
49m/35 knots 


Aluminium alloy construction 


‘Kingdom’ 
Mono 
Yacht 
86m 


Steel construction 


‘Pacific 36' 
RIB 
Workboat 
11m/30 knots 


Composite construction 


‘Mekat' 

SES 

Patrol 
30m/40 knots 


Composite construction 


‘4000 Series’ 
SWATH 


Passenger 


40m/25 knots 


Steel construction 


Table 1 Examples of craft types catered for by the Special Service Craft Rules 
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Craft type 


‘Hawk class 
Mono 

Patrol 
30m/25 knots 


Composite construction 


'‘Shaldag’ 


Mono 
Patrol 
25m/50 knots 


Aluminium alloy construction 


‘Sentinel’ 
Mono 

Patrol 

25m/25 knots 


Steel construction 


‘Castle class' 
Mono 
Patrol 
81m/18 knots 


Steel construction 


Akhir class' 
Mono 

Yacht 
34m/35 knots 


Wood construction 


Table 2 Examples of craft types catered for by the Special Service Craft Rules 
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3. THE DEVELOPMENT PROJECT 


3.1 Project Organistaion 


From the previous discussion, it was considered necessary to 
develop the SSC Rules as a set of independent requirements 
which embodied a new approach to classification in that the 
Hull and machinery Rules together with safety levels may be 
linked to the design operational envelope assigned to the craft. 
The development project consisted of seven main items: 


Regulations, 

Hull Construction Rules, including stability, 
Machinery Rules, 

Fire Classification Rules, 

Material Rules, 

Additional Requirements for Yachts, and 
Guidance Notes for Users. 


This is illustrated in Figure 2. A multi-disciplinary 
approach was adopted. A team of surveyors from the Ship 
Division, Engineering Services and outports were assembled 
to undertake the task and their contributions towards the 
development of the SSC Rules are shown in Table 3. 


3.2 The LR Consultative Group on High Speed Craft 


In addition LR enlisted the assistance of industry through the 
formation of the LR Consultative Group on High Speed Craft 
(the Consultative Group). The purpose of the Consultative 


Division 


Classification of 
Special Service Craft 
Guidance Notes 


Rules and Regulations 


Regulations 


IMO HSC Code 
Hull structures 


4599/04 


Materials Rules 


Hull structure Rules 


Machinery Rules 


Fire classification 


Additional requirements 
for yachts 


Figure 2 Components of the Special Service Craft Rules 


Department ee ey a eee 


Ship Division ASRD* Project Management, Research and Development 


CSC/ASRD/Outports/SS* 
Ss* 

FSD/CSC/SS/ASRD* 
ASRD/SS/CSC/Outport* 


Hull Rules (including yachts and stability aspects for yachts) 


Fire Classification Rules 
Classification and Periodical Survey Regulations 


Guidance Notes 


GE: 


Control Engineering Rules 


MDD* 
Materials* 


Co-ordination and Propulsion Systems Rules 
Material Rules 


Advanced Studies and Rules Development, Technical Planning and Development Department 
Class Special Service Craft Approval, Construction Services Department 


Statutory Services, Construction Services Department 


Fleet Services Department 


Outports LR Sydney and LR Gothenburg 


TIPEE Technical Investigation, Propulsion and Environmental Engineering Department 


PS Piping Systems Department 

Ee Electrical Engineering Department 

CE Control Engineering Department 

PP Pressure Plant Department 

MDD Machinery Design and Dynamics Department 
Materials Materials Department 


Table 3 Contribution from different departments towards the development project 
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Group was to facilitate the participation of interested parties 
from within industry, mainly from UK, to consider and discuss 
proposals for the technical contents of LR’s new Rules and 
Regulations prior to submission to LR Technical Committee, 
Reference 1. Apart from ensuring safety at sea as enshrined 
in LR’s constitution, it is important that the new rules and 
regulations reflect the current state of the art and are usable 
to all interested parties, i.e Flag Administrations, Owners and 
Operators, Designers and Builders etc. The following 
organisations were represented in the Consultative Group: 


Aluminium Shipbuilders, UK. 
Vosper Thorneycroft, UK. 
Hoverspeed, UK. 

Stena Sealink, UK. 

Marine & General Engineers, UK. 
Nigel Gee & Associates, UK. 
Swath Ocean International, UK. 
Marine Safety Agency, UK. 
Danyard, Denmark. 

FBM Marine Holdings, UK. 
Strathclyde University, UK. 
Caterpillar, UK. 

Rolls Royce, UK. 

P&O European Ferries, UK. 
Southampton University, UK. 
NQEA, Australia. 


Completed drafts of the Rules were distributed to members 
of the Consultative Group and their comments have been 
incorporated where possible. Terms of Reference for the 
Consultative Group are shown in Appendix B. 


Lloyd's Register Technical Association 


10 


4. HULL RULES 


4.1 Rule Philosophy 


4.1.1 General considerations 


The design procedure, in the broad sense, involves the entire 
process from the initial design concept to the final approved 
design ready for fabrication/ manufacture. An important part 
of this process is the design control, or structural analysis 
stage, to ensure reliability against structural failure. 

Design control, therefore, consists of a number of steps: 


evaluation of environmental conditions, 
analysis of loads, 

analysis of response, 

evaluation of strength, and 

control of safety. 


The Rule development process has to take all of these 
elements into account. The analysis methods used may be 
based on theory, experiments or full scale measurements. An 
additional essential step in this development process was the 
calibration and verification of the results against service 
experience as illustrated in Figure 3. 

Conventional mono-hull steel ship structural design has, 
as its basis, about a hundred years of combined data and 
experience. This background allows the structural design of 
the hull to be pursued by relatively well-proven design 
methods. Within limits, a hull form will be similar to previous 
hull forms, and the design is relatively forgiving to under or 
over-estimation of the loads. Any radical departure from the 
normal hull forms would severely de-value the usefulness of 
accumulated expertise as a knowledge of the loads and 
structural behaviour is essential for design of the hull 
structure. 

These traditional approaches, as embodied in the existing 
Rules and Regulations, are not necessarily the only way to 
provide the appropriate level of safety. Several new 
approaches have been adopted in the development, and 
setting, of the requirements contained in the SSC Rules. 


F Strength 
Calculation Theory and 
model experiment 


Evaluation Service 
of safety experience 


Acceptance 
of risk levels 


Figure 3 Rules development process 


Figure 4 Different modes of operation catered for by the Special Services 
Craft Rules 


4.1.2 A demand, capability and criteria approach to hull 
structural requirements 


One key element in the development of design procedures is 
the prediction of the loads acting on the hull structure. In 
operation a craft can be supported by three possible modes, 
see Figure 4: 


¢ buoyancy force, 
¢ dynamic lift, and 
* air pressure. 


A craft can experience a combination of all the above loads 
acting on the hull and their prediction is extremely complex. 
It was considered necessary to adopt a new approach to the 
development of these Rules, viz.: 


Environment » Demand » Capability > Criteria 

This is illustrated in Figure 5. This decoupling of load, 
strength and acceptance criteria provides the opportunity to 
base new design approval on direct calculations using a 
similar approach, as illustrated in Figure 6. Froma Class point 


of view, this is important as while the Classification Rules 
should be as simple as possible to apply, the direct calculation 


Environment 
(operational envelope) 
Demand 
(loads) 
Capability 
(strength) 
Criteria 
(acceptance criteria) 
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Figure 5 A demand, capability and criteria approach 
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approach should provide the same uniform technical 
standard for all kinds of craft while allowing for optimization 
by more detailed analysis. 

Whilst the strength assessment techniques (finite element 
analysis, for example) can be applied directly to all designs of 
the same material type, it is more difficult to establish design 
load formulations that are equally well adapted to all craft 
types, speed ranges and craft sizes. Equally, the acceptance 
criteria for metallic and composite constructions are quite 
different. For large and high speed craft the main concern 
would be the determination of loads, see Reference 2. 

Another key concept of the SSC Rules is the assignment of 
an operational envelope. The parameters controlling an 
operational envelope can include: 


range to refuge, 

limiting speed, 

limiting waveheight, and 

limiting motion. 

The operational envelope will form an appendix to the 
Certificate of First Entry of Classification and should be placed 
in the operational manual, see 4.2.13. 


4.1.3 Classification of loads 


During the development of the new Rules for hull structures, 
a series of difficulties arose from the fact that the Rules have 
to cater for craft operating ina wide speed range — from small, 
planing craft to large, fast displacement craft. In addition, 
these craft can have different hull forms, see Figure 7, different 
modes of operation, see Figure 4, and can be constructed in 
different materials, namely steel, aluminium alloys and 
composite. 

For the smaller craft parametric formulae, based on 
extensive service and theoretical experience coupled with 
model test results, are available to provide a basis for Rule 
formulation. For larger and faster craft, there is very little 
service experience and the design is mainly based on direct 
calculations verified by model experiments. Whatever the 
approach adopted, there is a need to provide guidance as to 
the range of validity of the various formulae and direct 
calculation methods, and they should be based on a unified 
philosophy, leading to a consistent level of safety. 


Motion 


Rule Loads 
program 


Semi-analytical 
approach 


Model 
experiments 


demand 
Strength assessment 
capabili 
Acceptance criteria 
for different failure modes 


Failure modes 
involving fracture 


Brittle fracture 
Fatigue control Material control 


Robustness 
criteria 


Design 


Ductile failure 
modes involving 
gross deformation 


Plastic collapse Buckling Excess deformation 
Stress control Buckling control 


Deflection and 
vibration control 
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Figure 6 A direct calculation approach 


The overall load on a craft consists of two components, 
namely primary and secondary loads. The classification of 
loads as primary loads which affect the hull as whole, 
secondary loads which affect large components of the hull 
such as bulkheads, and tertiary or local loads which have a 
local effect only, has been made for convenience in relation to 
structural considerations. This has resulted from the needs of 
the naval architect/structural engineer for a simplified 
approach to structural analysis problems. All loads, with the 
exception of thermal loads, originate from forces or pressures 
applied over small areas and whether they are subsequently 
treated in a local or an integrated form is largely a matter of 
analytical convenience. However, such a classification has 
been found to be useful in identifying the dominating forces 
for rule formulation and direct calculation purposes. 


4.1.4 Primary loads 
The primary load conditions which must be considered for 
the design of larger craft are: 


¢ Wave induced bending moment, dynamic bending moment 
and still water bending moment 


For slow mono-hull craft, the longitudinal wave induced 


bending moments are the most important loading, being 
most severe in head seas. For large fast mono-hull craft, the 
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question of whether dynamic bending moments dominate 
the dimensioning of the structures remains open and has 
to be addressed. Higher speed does not necessarily imply 
larger loads. 


Although these primary load components are clearly 
exerted on multi-hull craft they are not the major 
considerations and do not, in general, dominate the 
structural design procedure for this type of craft. 


Wave induced side force and transverse bending moment 


These are two of the most important load conditions being 
exerted on multi-hull craft by the wave induced side forces 
which result in transverse bending moments. These result 
in flexing of the struts/hulls towards each other and then 
prying them apart. Available model data and theoretical 
studies provide some insight into the nature and 
magnitude of these loadings ona SWATH, however further 
research work is necessary to ascertain their general 
applicability to multi-hull craft. 


Fatigue loading 
Because the majority of the loads imposed on craft are cyclic 


in nature, the possibility of failure by fatigue must not be 
overlooked, indeed most structural failures that have 


y Planing craft Hovercraft 
_— 


Small waterplane area twin hull 


Fast catamaran 
(SWATH) 


4599/10 


Figure 7 Different types of hull forms and craft covered by the Special Services Craft Rules 
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occurred during the service life of existing craft have 
resulted from fatigue. While there is a large body of 
knowledge on the fatigue performance of steel ships, very 
little research has been carried out and there is very little 
information available in relation to craft constructed of 
aluminum alloy or marine composites. The most important 
task in respect to fatigue life performance of the structures 
of high speed craft is the determination of the fatigue 
loading spectrum. 


¢ Torsion load 


For multi-hull craft consideration of torsion loads is 
equally important as that of the transverse loads, especially 
for the strength assessment of the cross-deck structures. 
The most severe torsion loads occur when the craft heading 
is such that it sustains quartering (bow or stern) seas. The 
situation regarding the knowledge base for this is similar 
to that for the transverse loads. 


The Rules provide deterministic formulae for the calcula- 
tion of primary loads for the examination of hull girder and 
global strength. 


4.1.5 Secondary and tertiary loads 


The secondary and tertiary loads which must be considered 
for design are: 


¢ Loads in a seaway due to external water pressures, 
including slamming and shipping of green seas. 


This category of loads is probably the most important from 
a local strength point of view, being the dictating criteria 
for the design of the small to medium size craft. In general 
the loads can be further sub-divided into the following 
components: 


a) Bottom slamming 


Bottom slamming arises as the result of the pitching and 
heaving motion of the craft at speed resulting in bow 
emergence and severe hydrodynamic impact loadings on 
re-entry. The impact is usually rapid and _ intense, 
generating a high pressure impulse on the bottom plating, 
which can be accompanied by a loud booming sound, 
particularly apparent for the larger size of craft. The 
duration of this type of impact force is, in general, less than 
100 milli-seconds. Bottom slamming has been the 
commonest cause of hull structural damages and its 
magnitude and duration depend on, and are sensitive to, 
the angle and relative shape of the hull to the water surface, 
and the encounter velocity and frequency. This is a complex 
phenomenon and while extensive research has been 
carried out in the past further effort is required to make use 
of the existing knowledge base and to formulate design 
criteria. Worldwide this is one of the most intensively 
researched topics. The main focus has been in the domain 
of numerical motion and load computations. 


b) Bow flare slamming 


Bow flare slamming pressures are associated with the rapid 
immersion of the upper flared portion of the bow into the 
sea. This is a more gradual phenomenon than bottom 
slamming, usually without any sound unless the flare is 
very concave, and lasting for less than a second. It 
nevertheless imparts relatively sudden and intense forces 
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on the forward part of the craft. Bow flare slamming is an 
important consideration for high speed craft, especially for 
the displacement type craft. The main difference between 
bottom and bow flare slamming is that bottom slamming 
is always associated with the emergence of the forebody, 
while bow flare slamming is not. Experience gained from 
the design and operation of warships and fast cargo ships 
has provided some guidance for the formulation of load 
criteria, however more development work is required to 
be carried out making use this experience and data. 


c) Cross-deck slamming 


This type of slamming is an important consideration in the 
design of cross-deck structures for multi-hull craft. It arises 
as a result of the heaving and pitching motion of the craft 
causing the wave impact on the underside of the flat centre 
body of the cross-deck structure. The loads sustained can 
result in large accelerations and related loads acting on the 
craft’s structure which must be catered for in the 
consideration of local and global strength. 


d) Green sea loading 


The shipping of green seas on the upper deck forward is 
another source of transient loading that excites vibratory 
response and is caused primarily by the relative motion of 
the craft. In many cases this type of loading may simply be 
the static head of water scooped up by the bow until it runs 
off. The duration of this load therefore is relatively long. 
However there may be a dynamic component, especially 
if the ship is moving forward at high speed into head seas. 
In some instances, the whipping stress generated can 
constitute a sizable percentage of the total hull bending 
moment. 


The Rules provide deterministic formulae for the 
calculation of secondary and tertiary loads for design based 
on local strength considerations. 


¢ Loads due to impact with solid objects and robustness 
considerations 


This type of load is very difficult to estimate. Traditionally 
it has been taken care of by specifying minimum scantling 
requirements. It has been argued by many that existing 
requirements do not allow the full use of advanced 
materials and technology. However it is not an easy task 
to find a satisfactory alternative. 


4.1.6 Other loads 


Other types of secondary loads, such as thermal loads, loads 
arising as a result of cargo (weight and distribution), craft 
motion and sloshing of liquids in tanks are important loading 
conditions which are required to be taken into account at the 
design stage. However these types of loading are common to 
all types of marine vessels and most of the calculation 
procedures for determining their values are relatively well 
established. 


4.2 Hull Requirements 


4.2.1 Application of the SSC Rules 


The SSC Rules are applicable to the following craft types 
constructed from aluminium alloy, steel and composite 
materials or combinations of these materials: 


high speed craft, 

light displacement craft, 

multi-hull craft, 

yachts of overall length greater than 24 metres, and 

craft with draught to depth ratio less than or equal to 0.55. 


The following craft types will be specially considered on 
the basis of the Rules: 


¢ amphibious air cushion vehicles, 

rigid inflatable boats, 

hydrofoil craft, 

e foil assisted craft, 

* service craft constructed from wood or wood/composite 
combinations, 

¢ other service craft constructed from composite materials, 
and 

¢ service craft with draught to depth ratio greater than 0.55 
but with overall length less than 24 metres. 


The SSC Rules cover both displacement and high speed 
type craft with lengths up to 150 metres and speeds of up to 
60 knots, see also References 2 and 3. Consideration will be 
given to the application of these Rules for craft greater than 
150 metres and/or operation speed greater than 60 knots. The 
Rules do not apply to ship types covered by LR’s Rules and 
Regulations for the Classification of Ships, see Appendix C. 
The flow chart shown in Figure 8 illustrates the scope of the 
SSC Rules. 


4.2.2 Materials of construction 


The SSC Rules provide for craft constructed from aluminium 
alloys, steel, fibre composites (FRP/GRP), and wood, which 
would be considered on an equivalence basis: 


e¢ Aluminium alloy 


Part 7 of the Rules relates to the construction of aluminium 
alloy craft using the metal inert gas (MIG) and tungsten 
inert gas (TIG) welding processes. Where other methods 
of construction are proposed, details are required to be 
submitted for consideration on the basis of the Rules. 


Alloy 


The materials used in the construction of the craft are to be 
manufactured and tested in accordance with the 
appropriate requirements of Part 2 of the Rules, with 
particular reference to Chapter 8. 


The principal aluminium alloys used in the marine 
industry belong to either aluminium-magnesium (5000 
series), used primarily for rolled sections, and aluminium- 
magnesium-silicon (6000 series), used primarily for 
extruded materials: sections, tubes, bar stock etc. 


Typical accepted values for the minimum mechanical 
properties of the more commonly used marine grade 
aluminium alloys are given in the following Table 4. 


¢ Steel 


Part 6 of the Rules relates to the construction of steel craft 
using electric arc welding processes. Where other methods 
of construction are proposed, details are required to be 
submitted for consideration on the basis of the Rules. 


The materials used in the construction of the craft are to be 
manufactured and tested in accordance with the 
requirements of Part 2 of the Rules, with particular 
reference to Chapter 3. All materials are to be manufactured 
at works which have been approved by LR for the type, 
and where appropriate, grade of steel which is being 
supplied and for the relevant steel making and processing 
route. The grade of steel, supply condition and _ its 
mechanical properties are required to be indicated on the 
construction drawings. 


e Fibre composites 


Part 8 of the Rules apply to craft generally constructed of 
fibre reinforced plastic (typically with unsaturated 
polyester resin), using hand lay-up, mechanical 
deposition, contact moulding techniques or vacuum 
assisted techniques. Construction may be either single- 
skin or sandwich construction, or a combination of both. 
Where moulding techniques and methods of construction 
differing from those assumed to be used within the Rules 
are proposed, details are required to be submitted for 
consideration. 


Item 0.2% proof stress 
N/mm? 
Unwelded 
5083-0 & F Sheet & plate 125 
5083-H321 | Sheet & plate 
5086-0 & F Sheet & plate 
5086-H112 Sheet & plate 
5086-H321 | Sheet & plate 
6061 T6 Sheet & plate 
(See note) | 
6061 T6 Extrusions 
(See note) 
6082-T6 Extrusions 
Note: This alloy is not normally acceptable for applications in direct contact with sea water. 


Table 4 Minimum mechanical properties for selected marine grade aluminium alloys 
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Is your type of craft covered by the Special Service Craft (SSC) Rules ? 


High speed craft ? 
As defined in SSC Rules 


No 


Lightcraft? 
As defined in SSC Rules 
No 


Multi -— hull craft? 
As defined in SSC Rules 
No 


Racing Yacht ? 


No 


Yacht < 24m ? 


No 


High speed, Light 
or multi -hull yacht ? 
As defined in SSC Rules 


Conventional Yacht ? 


Steel/aluminium construction ? 


Ship Types covered by the 
Rules for Ships ? 
(as per Part 4 of the Rules) 


Craft with T/D > 0.55 and overall length 
greater than 24 metres? 


Rules and Regulations 


for the 
Classification of Ships 


Yes 


Yes 


No 


Amphibious air cushion vehicle. RIB, wooden craft, 
Foil - assisted craft, hydrofoil, other special types ? 


Yes 


Special considerations |— 


High Speed Craft 
IMO HSC Codes compliance 
Assisted Craft: 
Category A passenger craft 
Unassisted craft: 
Category B passenger craft 
Cargo Craft 


Light Craft 
SSC Rules 


Multi - hull Craft 
SSC Rules 


Rules for International Rating 
Class yachts 
EC legislation 


High Speed Yacht 
Light Yacht 
Multi - hull Yacht 


Conventional Yacht 
SSC Rules 


saat (sa 


Composite Craft 


SSC Rules 


Aluminium Craft 
Steel Craft 
SSC Rules 


Rules and Regulations 
for the Classification of 
Special Service Craft 


Figure 8 A flow chart showing the scope of the Special Service Craft Rules 
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Special 
types 


Service craft: 
High speed craft 
Light Craft 
Multi - hulls 


Yacht 


Service Craft: 


| Traditional small craft 


For the purposes of the Rules a ‘plastic’ is regarded as an 
organic substance which may be thermosetting or 
thermoplastic and which, in its finished state may contain 
reinforcements or additives. The quantities of such 
reinforcements or additives are strictly limited by the 
Rules. 


The resins used in production are to be of a type which 
have been approved by LR for marine construction 
purposes. Samples of the resin batches being used in the 
construction will be taken for limited quality control 
examination. 


All fibre reinforcements are to be of a type approved by 
Lloyd’s Register. The materials used in the construction of 
the craft are to be manufactured and tested in accordance 
with the requirements of Part 2, the Manufacture, Testing 
and Certification of Materials, of the Rules, with particular 
reference to Chapter 14 for plastics materials. 


Other materials (i.e. non-GRP materials) are to be of good 
quality, and suitable for the purpose intended and where 
applicable are to comply with LR’s requirements 
appropriate to the material. Details of these materials are 
to be stated on the relevant construction drawings. Where 
these materials are attached to, or encapsulated within, the 
plastics construction, the material is not to affect adversely 
the cure of the plastics materials. 


4.2.3 Format of the Rules 


For ease of reference and to suit the builders and other end 
users a decision was made to subdivide the Rules firstly into 
separate parts by material type. Secondly, within each Part, 
Chapters are provided catering for mono-hull and multi-hull 
configurations. Additionally, within these Chapters there are 
specific requirements relating to the functional role of the craft. 

The consistent layout within Parts 6, 7 and 8 will assist 
greatly in finding the scantling requirements in an alternative 
material. Further minimal cross referencing is achieved at the 
expense of limited duplication by providing specific 
requirements, in the appropriate material in the individual 
Parts of the Rules. 

Typical contents common to Parts 6, 7 and 8 are: 


¢ Ch1 — General Requirements. 

¢ Ch2 — Construction Procedures. 

¢ Ch3 — Scantling Determination for Mono-hull Craft. 
¢ Ch4 — Scantling Determination for Multi-hull Craft. 
¢ Ch5 — Special Features. 

¢ Cho — Hull Girder Strength. 

¢ Ch7 — Failure Modes Control. 


Scantling requirements within each Chapter are arranged 
ina logical ascending sequence for both plating and stiffening 
members in the following form: 


local, 
secondary, 
primary, and 
global. 


Constructional arrangements and common components 
i.e. equipment, rudders, etc., are independent of construc- 
tional material, and are therefore contained separately within 
Part 3 — General Requirements and Constructional Arrange- 
ments. Within this Part there are specific requirements for 
differing materials and combinations of these materials. 
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Part 1 — Regulations, for the SSC Rules contains the 
‘Classification Regulations’ and the ‘Periodical Survey 
Regulations’ which are independent of material type but, 
where necessary, contain specific requirements for both craft 
type and functional role. Figure 9 gives the overall layout of 
the Rules and the Guidance Notes. 


4.2.4 Structural analysis 


The Rules provide scantling requirements for a basic 
structural configuration for both mono and multi-hull craft 
with multi-deck or single deck hulls which include a double 
bottom, or a single bottom arrangement. The structural 
configuration may also include a single or multiple 
arrangement of cargo hatch openings. The Rules provide for 
both longitudinal and transverse framing systems. 
Alternative types of framing systems will be specially 
considered on the basis of the Rules. 

Every effort has been taken to make the rule scantling 
formulae as transparent as possible, and to this end the 
following approach has been adopted: 


lay down requirements, 

specify modelling considerations, 
indicate limit states, and 

state constraints in an explicit manner. 


This approach will enable the designers to decide for 
themselves the suitability of the SSC Rules for their project. 
Further and perhaps more importantly changes may be easily 
made to the requirements based upon experience gained, 
discussions with interested parties and as development 
progresses. This is in fact not unlike the current Rule 
development process which is continually updating and 
‘tailoring’ rule requirements, but it is suggested that the 
process should be simplified and more transparent since the 
various formulae being used will be recognisable to the 
designer. 


4.2.5 Aluminium and steel construction 


The scantlings of aluminium alloy and steel craft are 
determined from largely classical plate and beam formulae, 
using elastic theory with appropriate allowable stress and 
deflection limits. There are corrections to be made for differing 
grades of aluminium and differing grades of steel, however 
the end-user has shown a preference for these to be contained 
in separate Parts of the Rules, with no ‘material factors’ for 
conversion between steel and aluminium alloys. 

The requirements for minimum scantlings have been 
reviewed, and where possible weight saving can be achieved, 
this has been reflected in the requirements for minimum 
scantlings whilst maintaining the equivalent level of safety. 


4.2.6 Fibre reinforced composite construction 


The scantlings of composite craft are to be determined from 
the results of test data. The mechanical properties to be used 
for scantling calculation purposes are to be 90 per cent of the 
mean first ply/resin cracking failure values determined from 
accepted mechanical tests. All test pieces are to be 
representative of the product to be manufactured. This is 
particularly important since the material of construction is 
‘manufactured’ on site, often at the same time as the product 
and by various laminators. 

The mechanical properties of the materials are also to be 
estimated from the appropriate procedures and formulae 
contained within the Rules. The acceptable design values for 
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Rules and Regulations 


Rules 


Materials Rules 


Part 2 
The Manufacture, Testing and 
Certification of Materials 


Special Service Craft 


Regulations 
Part 1 
Regulations 


Hull Rules 


Part 3 
General Requirements and 
Constructional Arrangements 


Part 4 
Additional Requirements 
for Yachts 


Part 5 

Load and Design Criteria 
Part 6 

Hull Construction in Steel 


Part 7 
Hull Construction in 
Aluminium Alloys 


Part 8 
Hull Construction in Composite 


Windows Based 
Rules Software 


Machinery Rules 


Part 9 
General Requirements 
for Machinery 


Part 10 
Prime Movers 
Part 11 
Transmission systems 


Part 12 
Propulsion Devices 


Part 13 
Shaft Vibration and Alignment 
Part 14 
Steering Systems 


Part 15 
Piping Systems and 
Pressure Plant 


Part 16 
Control and 
Electrical Engineering 


LR Guidance Notes 


IMO HSC Code Aspects 
Hull Aspects 


Fire Classification Rules 


Part 17 


Fire Protection, Detection 
and Extinction 


Neutral axis 


1 Zero stress 


Layer Weight Type 
1 225 CSM 
500 WR 
3 600 CSM 
4 900 WR 
5 300 CSM 
6 900 WR 
7 300 CSM 
8 900 WR 


-150 -100 


Ear | Ultimate strength 
eee] Maximum allowable stress 
Beek Actual stress 


50 


100 250 
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Chopped strand mat (CSM) 


Woven roving (WR) 


Figure 10 An example of a through ply analysis for a composite panel 


glass reinforced polyester resin laminates should not be 
greater than those contained within the Rules unless agreed 
otherwise by LR. Additional information on the application 
of the various formulae is given in LR’s Guidance Notes for 
Calculation Procedures for Composite Construction. 

The various formulae referred to above require that 
sufficient input data be available which relates to each of the 
proposed materials. The designers and/or builders should 
agree the values for use in the scantling analysis with LR at 
the design stage and prior to the submission of plans and data 
for appraisal. Typical acceptable values for the various fibre 
and resin properties of materials commonly in use are given 
in the Tables 5, 6 and 7. 

Strength calculations for all advanced fibre composites are 
to be based on the results of testing of truly representative 
sections of the proposed design. The sections are to be 
manufactured under typical production conditions using the 
same materials, fibre contents, methods of lay-up and time 
delays. Mechanical testing is, in general, to be based upon the 
requirements of Pt 2, Ch 14,3, of the SSC Rules. 

A through ply analysis is required to be conducted for both 
plate and stiffener elements and the resultant stresses compared 
with the allowable stress limits for the particular element, see 
Figure 10. 
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4.2.7 Classification 


New craft built in accordance with the SSC Rules, or in 
accordance with requirements equivalent thereto, will be 
assigned a class in the appropriate Register Book. Classifi- 
cation will be conditional upon compliance with LR’s 
requirements for both hull and machinery. 

All craft, when classed, will be assigned one or more 
character symbols as applicable, e.g. #100A1 SSC. 

When considered necessary by the Committee, or when 
requested by an Owner and agreed by the Committee, class 
notations will be appended to the character of classification 
assigned to the craft. 

These class notations will consist of one of, or a 
combination of: 


¢ ahigh speed craft notation, see 4.2.8, 

¢ a light displacement craft notation, see 4.2.8, 
* aservice area restriction notation, see 4.2.9, 
* aservice type notation, see 4.2.10, and 

¢ acraft type notation, see 4.2.11. 


e.g *100A1 Passenger (A) Catamaran 
Portsmouth to Cherbourg Service 
SSC HSC G3 


*100A1 Yacht Catamaran 
SSC LDC G6 


Specific 
Gravity 


Tensile 
Modulus 
N/mm? 


Shear 
Modulus 
N/mm? 


Poisson's Ratio 
HR 


1500-2500 — 
(see Note 1) (see Note) (see Note) 


Note: Actual values to be obtained from the material manufacturer and are to be agreed with LR prior to use. 


Table 5 Typical minimum resin properties 


Ultimate tensile strength 
Tensile modulus 


Compressive modulus 
Ultimate shear strength 


Ultimate compressive strength 


400G. - 10 
(30G, - 0,5) x 10° 
150G, + 72 


(40G, - 6) 
80G, + 38 


x 10° 


Shear modulus (1,7G, + 2,24) x 10° 
Ultimate flexural strength 502G + 106,8 


Flexural modulus (33,4G2 + 2,2) x 10° 


Note: G, is the glass content 


Table 6 Acceptable design values for glass reinforced 
polyester laminates 


Shear Poisson's 
Modulus Ratio 
N/mm? HF 


0,22 


_ 0,20 
(see Note 3) 
(see Note 3) (see Note 3) 
2800 


0,34 


(see Note 3) (see Note 3) 
(see Note 3) (see Note 3) 


Tensile 
Modulus 
N/mm? 


Specific 
Gravity 


E glass 
S glass 


R glass 


Aramid 

LM graphite 

(see Note 1) 

LM graphite 

(see Note 1) 

IM graphite 

(see Note 1) 

HM graphite 

(see Note 1) 

IM graphite 

(see Note 2) 

HM graphite 

(see Note 2) 

VHM graphite 

(see Note 2) 

Notes: 

1. Polyacryonitrile type. 

2. Mesophase pitch precursor type. 
3. Actual values to be obtained from the material manufacturer and are to be agreed with LR prior to use. 


(see Note 3) (see Note 3) 


(see Note 3) (see Note 3) 


(see Note 3) 
(see Note 3) (see Note 3) 
(see Note 3) (see Note 3) 


Table 7 Typical minimum fibre properties 
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High speed craft 
V>7,193A16 


not less than, V (knots 


eed 


Maximum sp 


100 500 100 1500 2000 


2500 
Moulded displacement, A (m? 


3000 3500 4000 4500 
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Figure 11 The definition of high speed craft under the IMO HSC Code 


4.2.8 High speed craft and light displacement craft notations 


¢ HSC High speed craft notation 


This class notation will be assigned to high speed craft. A 
high speed craft is a craft capable of maximum speed, in 
knots, equal to or exceeding 7,193/\'/°. Where D is the 
displacement, in tonnes, corresponding to the design 
waterline. A craft in compliance with the high speed craft 
definition herein complies with the definition of a high 
speed craft given in the IMO HSC Code, see Figure 11. 


¢ LDC Light displacement craft notation 


This class notation will be assigned to light displacement 
craft. A light displacement craft is a craft with a 
displacement not exceeding 0,04(L,B)!° tonnes, where Lz 
is the length of the craft and B is the breadth of the craft in 
metres. For mono-hull craft the breadth B is to be taken as 
the maximum beam, and for a multi-hull craft breadth B is 
to taken as the sum of breadths of the individual hulls. In 
all cases fenders and rubbing strakes are to be excluded in 
the determination of B, see Figure 12. 
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Figure 12 The definition of displacement craft as a function of length and breadth 
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4.2.9 Service area restriction notations 


All craft classed under the SSC Rules will be given a service 
restriction notation G followed by a number e.g G1. Service 
area restriction notations, are expressed in terms of range to 
refuge in nautical miles. 

The service area restriction notations defined below 
describe the service area restriction for which the craft has 
been approved and constructed: 


¢ Gl 

Service Group 1 covers craft intended for service in 
sheltered waters adjacent to sandbanks, estuaries, reefs, 
breakwaters or other coastal features and in similarly 
sheltered waters between islands in reasonable weather 
where the range to refuge is, in general, five nautical miles 
or less. The geographical limits of the intended service are 
to be specified. Craft in this group are not eligible for the 
assignment of the character figure 100. 


¢ G2 
Service Group 2 covers craft intended for service in 
reasonable weather, in waters where the range to refuge is 
20 nautical miles or less. This group will usually cover craft 
intended for service in coastal waters, for which 
geographical limits are to be specified. 


¢ G3 
Service Group 3 covers craft intended for service in waters 
where the range to refuge is 150 nautical miles or less. The 
geographical limits of the intended service are to be 
specified. 


¢ G4 
Service Group 4 covers craft intended for service in waters 
where the range to refuge is 250 nautical miles or less. The 
geographical limits of the intended service are to be 
specified. 


¢ G5 
Service Group 5 covers craft intended for service in waters 
where the range to refuge is over 250 nautical miles. 


¢ G6 
Service Group 6 covers yachts having unrestricted service. 


The specific geographic limits and the service to be 
operated are to be defined by the designer /builder so that an 
appropriate class notation can be assigned. Consideration 
may be given to requests for an increase in the permissible 
range to refuge subject to: 


¢ the specific geographic limits and the period over which 
the extended service is to be operated being defined, 

* satisfactory statistical data in respect of wave height, being 
provided to demonstrate that the craft will be suitable for 
the extended service, 

¢ equipment consistent with that required for the extended 
service being provided onboard during the period of 
operation, and 

* any maximum duration of voyage limitations imposed by 
IMO HSC Code not being exceeded during the extended 
service. 


4.2.10 Craft type notations 


The craft type notation is a class notation which will be 
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recorded in the appropriate Register Book, indicating the type 
of hull form and mode of operation for which the craft has 
been designed and constructed. A list of craft type notations 
for which craft may be eligible is given below: 


e ACV 
This notation will be assigned to amphibious air cushion 
vehicles. 


¢ Catamaran 
This notation will be assigned to catamarans including 
wave piercers. 


¢ Hydrofoil 
This notation will be assigned to hydrofoil craft. 


¢ Mono 
This notation will be assigned to mono-hull craft other than 
amphibious air cushion vehicles, hydrofoils and rigid 
inflatable boats. 


¢ Multi 
This notation will be assigned to multi-hull craft other than 
catamarans and surface effect ships. 


¢ RIB 
This notation will be assigned to rigid inflatable boats. 


e SES 
This notation will be assigned to surface effect ships. 


¢ Swath 
This notation will be assigned to small waterplane area 
twin hull craft. 


4.2.11 Service type notations 


The service type notation is a class notation which will be 
recorded in the Register Book indicating the primary purpose 
for which the craft has been designed and constructed. 

A full list of service type notations for which craft may be 
eligible is given below: 


¢ Cargo (A) 
This notation will be assigned to cargo craft other than 
Cargo(B) craft. 


¢ Cargo (B) 
This notation will be assigned to unassisted high speed 
cargo craft of 500 gross tons and over and which do not 
proceed in the course of their voyage more than eight hours 
at operational speed from a place of refuge when fully 
laden. These craft correspond to ‘Cargo Craft’ as defined 
in the Imo HSC Code. 


¢ Passenger 
This notation will be assigned to passenger craft other than 
Passenger (A) and Passenger (B) craft. 


¢ Passenger (A) 
This notation will be assigned to assisted high speed craft 
carrying not more than 450 passengers on board and which 
do not proceed in the course of their voyage more than four 
hours at operational speed from a place of refuge when 
fully laden. These craft correspond to Category A Craft’ as 
defined in the IMO HSC Code. 


¢ Passenger (B) 
This notation will be assigned to unassisted high speed 
craft which may carry more than 450 passengers on board 
and which do not proceed in the course of their voyage 
more than four hours at operational speed from a place of 
refuge when fully laden. These craft correspond to 
‘Category B Craft’ as defined in the IMO HSC Code. 


¢ Patrol 
This notation will be assigned to patrol craft. 


¢ Pilot 
This notation will be assigned to pilot craft. 


¢ Yacht (P) 
This notation will be assigned to all yachts built in 
accordance with Rules such that the subdivision and fire 
protection, detection and extinction arrangements are 
commensurate with the requirements of SOLAS 1974 for 
passenger ship safety. 


¢ Yacht 
This notation will be assigned to yachts other than yachts 
assigned Yacht (P). 


¢ Workboat 
This notation will be assigned to workboat. 


4.2.12 Descriptive notes 


In addition to any class notations, an appropriate descriptive 
note may be entered in the appropriate Register Book 
indicating the type of craft in greater detail than is contained 
in the class notation, and/or providing additional information 
about the craft’s design and construction. This descriptive 
note is not a LR classification notation and is provided solely 
for the information of users of the Register Book. 

LR will continue to expand the number of class notations 
as new craft types are developed, and specific Rule require- 
ments are provided. 
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4.2.13 Operational envelope 


The operational envelope defines the craft’s service in terms 
of operational speed, wave height, displacement and service 
area. 

The operational envelope assigned to craft built and 
classed in accordance with the SSC Rules is a function of the 
loading requirements. It is based on the operational speeds, 
wave heights, and displacements and is for use in determining 
the time required to seek refuge. The operational envelope 
will be issued as an appendix to the Certificate of First Entry 
of Classification, and is to be placed in the Operational Manual 
of the craft where such a manual is required by the Rules. A 
typical operational envelope is shown in Figure 13. 

The masters of all craft assigned an operational envelope 
require to be aware of the limitations imposed by it. Inaddition 
should the craft be required to operate in another operational 
area and/or environment, then the suitability of the craft for 
the new operation must be assessed and the class notation 
amended accordingly. This is particularly important when a 
craft is sold to a new owner. 

It is the responsibility of the owners and/or operators to 
ensure that the craft is only used/operated under the 
conditions for which it was designed and that the limitations 
imposed by the operational envelope are complied with at all 
times. It should also be remembered that the operational 
envelope does not relieve the master of the responsibility for 
loading and operating the craft in heavy weather as indicated 
in the Rules. 


4.2.14 Builders facilities 


The buildings used for production and storage are to be of 
suitable construction and equipped to provide the required 
environment. They should also comply with any local or 
National Authority requirements. To minimise contamina- 
tion, wherever practicable the buildings are to be subdivided 
into separate areas for material storage and the various 
manufacturing processes. 
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Figure 13 A typical operational envelope 
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The workshops and equipment used for the construction 
of composite craft are to be maintained in a clean and efficient 
condition substantially free from hardened resin debris, 
surplus fibre reinforcements and any other material or 
equipment not essential for the moulding process. 

The Surveyor is to be allowed unrestricted access during 
working hours to such parts of the builders establishment as 
may be necessary to ensure that the requirements of the Rules 
are being complied with. As indicated in the Rules, the builder 
should familiarise himself with the relevant LR Rules and 
where appropriate, arrange that all sub-contractors, suppliers 
of components, materials or equipment do the same. 


4.2.15 Works inspection 


Where it is intended to build a craft for classification with LR, 
the works will require inspection, prior to the commencement 
of construction, to establish that they have the necessary 
capability, organisation and facilities to build to acceptable 
standards both for the construction and outfitting of the craft 
and the installation of the relevant machinery, electrical and 
control equipment. This will include the examination and 
acceptance of any documented quality system. 

The builder is to be advised of the result of the inspection 
and all deficiencies are to be rectified prior to the 
commencement of production. 

Where structural components are to be assembled, welded 
and/or moulded by subcontractors, the Surveyors are to 
inspect the sub-contractor’s works to ensure that compliance 
with the minimum rule requirements in respect of builders 
works can be achieved. During the Workshop Inspection the 
Surveyor is to be satisfied that a suitable Quality Control 
system is installed and is working effectively. 


4.2.16 Quality control 


It is a prerequisite of classification for all builders wishing to 
build craft of composite material to have implemented an 
acceptable Quality Control System. 

Mandatory quality control requirements are to provide 
acceptable statements and procedures covering the builders 
management and organisation, as well as_ materials, 
operational techniques and activities used to measure and 
regulate quality of construction to the required level. 

Issued, planned and completed Work Sheets are to form 
the basis of the Quality Control System. Procedures for 
recording deviations and rejections are to be installed. 

Product marking is to be carried out in accordance with 
the Builders Quality Plan. All assemblies and sub-assemblies 
are to be suitably marked with the contract identifier and date 
of inspection. 

The extent and complexity of the quality systems will vary 
considerably depending upon the size and type of craft and 
production output. LR will consider certification of the 
builder in accordance with the requirements of one of the 
following systems: 
¢ Quality Assurance System in accordance with an 

International or National Standard (i.e. ISO 9000 and BS 

ENISO 9001) with assessment and certification carried out 

by a nationally accredited body and must reflect the 

minimum quality control requirements under (c) being 
complied with. 
¢ LR’s Quality Assurance Scheme for the Construction of 

Special Service Craft -this scheme will be divided into two 

distinct parts with Part 1 relating solely to the quality 

management operated by the builder and Part 2 providing 
objective evidence that the craft complies with LR’s 
classification requirements in all aspects of hull 
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production, outfitting, machinery installation and testing, 
On satisfactory completion of assessments and audits, LR 
will issue a Quality Assurance Approval Certificate to the 
builder. Details of this scheme will be available on request. 

¢ LR’s locally accepted Quality Control System — the builder 
is required to implement a documented Quality Control 
System which controls the activities such receipt storage 
and issue of materials, equipment, moulding shop, care 
and presentation of mould tools, lay-up process control, 
inspection of FRP mouldings on release, installation of 
machinery and essential systems, fitting-out, tests and 
trials, plans and document control and records as indicated 
in the Rules. 


LR’s involvement is only in that part of the quality control 
system which controls the standards required to meet the 
classification requirements. 

The “documented” quality control system requires the 
builder to have written procedures that describe clearly and 
unambiguously how each of the above activities is carried out, 
when it is carried out and by whom. These procedures will 
form part of the system manual which should be compiled 
and also contain a statement of management policy, 
organisation chart and statements of responsibilities. The 
manual should be controlled covering formal issue and 
revision. 

The procedure for acceptance of the builders system is for 
the manual to be submitted to the local LR office for their 
review. After the procedures have been found to describe 
adequately how all the required activities are controlled, the 
LR Surveyor will visit the works, by appointment, to audit the 
system against these documented procedures and when 
satisfied, will issue a Letter of Acceptance to the builder. 


4.3 SSC Rules Software 


A modern design assessment tool is currently under 
development that will allow designers and builders to assess 
the design of their craft against the requirements of the SSC 
Rules. 

The software, implemented under the Microsoft Windows 
operating system, provides an intuitive user interface, 
comprehensive data storage and retrieval and on-line context 
sensitive help to enable the user to quickly obtain the design 
loadings and scantling requirements for their craft. 

The system takes a project orientated approach to design 
assessment. The classification requirements, specified upon 
creation of a new project, act as a filter for Rule application 
allowing for fast and concise appraisal of special craft types. 
The applied Rules for any approval item may be viewed and 
the governing Rule criteria ascertained. 

In addition to Rule requirement calculations, a number of 
direct calculation procedures are built into the software 
allowing the user to calculate the properties of structural 
components such as fabricated or extruded stiffener sections, 
composite sections, hull sections and buckling requirements. 

For flexibility when assessing craft of novel design, all the 
direct calculation results as well as design loadings may be 
overridden by user supplied values should the user have 
suitable values obtained from an alternative source such as 
experimentation. 

The design assessment tool supplied to designers and 
builders will be mirrored by a comprehensive plan appraisal 
system within LR enabling review of the submitted Rules 
calculations in a fast and efficient manner. 


4.4 Direct Calculation 


Direct calculations may be specifically required by the Rules 
or may be required for craft having novel design features, or 
may be submitted in support of alternative arrangements and 
scantlings. LR may, when requested, undertake calculations 
on behalf of designers and make recommendations in regard 
to the suitability of any required model tests. Where model 
testing is undertaken to complement direct calculations 
details would normally be required to be submitted indicating 
the schedule of tests, details of test equipment, input data, 
analysis and calibration procedure together with tabulated 
and plotted output. 

In addition to cases where direct calculations are 
specifically required by the Rules, LR will consider alternative 
arrangements and scantlings which have been derived by 
direct calculations in lieu of specific Rule requirements. All 
direct calculations are to be submitted for examination. Where 
calculation procedures other than those available within the 
Rules are employed, supporting documentation is to be 
submitted for appraisal and this is to include details of the 
following: 


calculation methods, 

assumptions and references, 

loading, 

structural modelling, and 

design criteria and their derivation, e.g. permissible 
stresses, factors of safety against plate panel instability, etc. 


LR will be ready to consider the use of builder’s and/or 
designer's programs for direct calculations in the following 
cases: 


¢ Where it can be established that the program has 
previously been satisfactorily used to perform a direct 
calculation similar to that now submitted. 

¢ Where sufficient information and evidence of satisfactory 
performance is submitted to substantiate the validity of the 
computation performed by the program. 


Where items are of a novel or unconventional design or 
manufacture, it is the responsibility of the builder and/or 
designer to demonstrate their suitability and equivalence to 
the Rule requirements. Alternative arrangements which are 
in accordance with the requirements of a National Authority 
may be accepted as equivalent to the requirements of the 
Rules. 

Guidance Notes will be published to enable designers/ 
builders to carry out direct calculations. 
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5. MACHINERY RULES 


5.1 The Need for New Machinery Rules 


Earlier sections of this paper have explained some of the 
developments that provided the impetus for the production 
of SSC Rules. At an early stage the provision of Rules for 
machinery, electrical and control engineering was discussed 
and some of the considerations are presented below: 


¢ The safety philosophy adopted for the SSC Rules, as 
embodied within the IMO HSC Code of Safety, embraces 
the concept of defined areas of operation in conjunction 
with approved maintenance procedures. In such 
circumstances the application of the relevant requirements 
of the Rules for Ships could impose unreasonable 
constraints on the designer or operator. 

¢ Compatibility with the IMO HSC Code of Safety was 
required so that compliance with the machinery, electrical 
and control engineering requirements of the SSC Rules 
would ensure compliance with the relevant requirements 
of the IMO HSC Code. 

¢ The categories of craft covered include yachts greater than 
24 metres in overall length and small service craft. There 
was a need to update the relevant machinery sections of 
Yachts and Small Craft Rules in the light of technical 
developments. 

e A key objective for the new Rules was that they be self 
contained and this would not be achieved if reference to 
the machinery, electrical and control engineering sections 
of the Rules for Ships was required. 

¢ Some technical features of special service craft are not 
addressed by the Rules for Ships, for example they do not 
contain any requirements for water jets. 

¢ LR has produced the Catamarans Rules but these lack 
specific machinery, electrical and control engineering 
requirements. 


5.2 Engineering Requirements 


The craft covered by the SSC Rules ranges from traditional 
small craft through to yachts and large multi-hull craft. The 
machinery, electrical and control engineering requirements 
for these craft have varying degrees of complexity yet the SSC 
Rules had to be applicable to all of them. High speed and 
multi-hull craft were of particular interest and some of their 
features that guided Rule development are now presented: 


¢ For high speed craft the overall weight is one of the most 
important factors and the highest possible power to weight 
ratios are required from the propulsion system. This is 
coupled with a need to limit the space taken by the 
machinery. Medium speed diesel engines directly driving 
the propulsor or geared high speed diesel engines are the 
most common types of prime movers. Gas turbines are 
suitable for certain applications where their high power, 
compact dimensions and low emissions compensate for 
their higher fuel consumption than diesel engines, 
particularly at part load. 

¢ Water jets are predominantly used in the propulsion of the 
current generation of high speed craft since they offer a 
combination of high efficiency, torque characteristics 
ideally suited to diesel engine prime movers and low levels 
of cavitation and vibration. Sub-cavitating and partially 
cavitating propellers are used mainly on craft with speeds 
up to 30 knots. There is also growing interest in the use of 
surface piercing propellers. 


¢ The desire to minimise weight on high speed craft has led 
to designing in materials which can produce an equivalent 
strength to steel but with lower weight. Composites, 
aluminium alloy and plastics have been specified for a 
wide range of components that includes drive shafts, pipes, 
valves, pressure vessels for fire extinguishant or air and 
fabricated sections of diesel engines. The use of such 
materials in areas where a fire risk is present will require 
special consideration. 

¢ It is common practice for designers of diesel engines and 
gas turbines for high power applications to specify a range 
of power ratings that depend on the load profile for the 
application. The intervals between maintenance are also 
dependent on the load profile and maximum power. 

¢ The procedure for appraising the bilge pumping system of 
a conventional mono-hull craft constructed of steel may 
not be practicable to the case of multi-hull or small light 
displacement craft. 

¢ Gas turbines may require low flashpoint fuel and 
requirements for storing and dispensing this fuel need 
consideration. 

¢ High speed craft require faster responses from steering 
systems than those specified in the Rules for Ships. 


5.3 Rule Philosophy 


The decision to produce a new set of Rules created an 
opportunity to apply a different philosophy, both in terms of 
the approach to safety and the layout of the Rules. The safety 
philosophy presented in the IMO HSC Code, has been 
adopted wherever possible. The SSC Rules are designed to 
complement the IMO HSC Code and specify detailed 
requirements in areas where the IMO HSC Code only gives 
general guidance. 

A systems approach has been adopted and has been 
implemented at two levels. At the higher level, requirements 
for machinery are grouped together by function. Part 10, 
Prime Movers, contains Rules for diesel engines and gas 
turbines; Part 11, Transmission Systems, covers gearing and 
shafting systems; Part 12, Propulsion Systems, covers 
propellers, water jets and thrusters. At the lower level the 
concept of ‘vendor supply’ has been used where possible. The 
Rule requirements for a machine or component from one 
vendor should be available in one section of the Rules. Thus 
the chapter on diesel engines covers on-engine piping, alarms, 
electrical requirements and control, as well as the design and 
construction of the engine. 

The Rules have been presented in a format that is easier for 
the user. The requirements for surveys during construction, 
installation and sea trials have been split from the design and 
construction requirements and compiled in a chapter within 
Part 9, General Requirements for Machinery. A problem with 
some existing Rules is that the details of what must be 
submitted to LR are distributed throughout the text. At the 
beginning of each chapter of the new Rules is a comprehensive 
list of the plans, information and calculations that are to be 
submitted. The Rules have been designed to limit the amount 
of cross referencing. The aim was for each chapter to be self 
contained with the minimum number of references to the 
Rules for Ships or to other chapters. Within each chapter cross 
referencing between sections and paragraphs was also 
avoided where possible. This requirement inevitably lead to 
the duplication of some text but it was considered that the 
benefits to the user outweighed the disadvantages. 

Separate sections have been included, where necessary, in 
individual chapters to cater for the particular requirements 
for yachts, small craft and craft that are not required to comply 
with the IMO HSC Code. 
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5.4 Rule Development 


The Rule development process included a review of the 
applicability of the existing machinery Rules contained in the 
Rules for Ships and the Yachts and Small Craft Rules. 
Interpretations of how the Rules should be applied have also 
been a source of information, together with the contents of 
design circulars that are distributed within LR. The experience 
gained in applying existing Rules to vessels that will in future 
be classed as Special Service Craft has been very useful. Full 
compatibility with the relevant requirements of the IMO HSC 
Code is necessary and the requirements presented in the IMO 
HSC Code have been used for guidance where applicable. The 
relevant chapters of the IMO HSC Code are; 


Chapter 5 — Directional Control Systems. 

Chapter 9 — Machinery. 

Chapter 10 — Auxiliary Systems. 

Chapter 11 — Remote Control, Alarm and Safety Systems. 
Chapter 12 — Electrical Installations. 

and some parts of Chapter 7 — Fire Safety. 


5.5 Some Features of the Machinery Rules 


Aneed to take account of ‘high’ power ratings for intermittent 
duty was identified. This is mainly addressed by the diesel 
engine designer who is guided by thermodynamic 
considerations to safeguard the top end design. A higher 
power rating is offered but there may be limitations on the 
number of operating hours per year and an increase in the 
maintenance required. Suppliers of other components in a 
propulsion system, such as propellers, do not normally 
impose such limitations and these components are normally 
specified, and appraised, on a continuous power basis. 

Where propulsion machinery is being considered for short 
term high power operation the SSC Rules require full details 
to be submitted of the power, speed and time intervals 
together with documentary evidence indicating the suitability 
of the component design under these conditions and for the 
intended class notation. The following components are to be 
considered; prime mover, gearbox, flexible coupling, 
vibration dampers, shafting and propulsor. In each case the 
accrued number of load cycles and the percentage overload 
are to be those recommended by the designers of the 
component. Excessive overload may require the interval 
between surveys to be reduced. There is also a requirement 
for the machinery to be maintained in accordance with the 
manufacturer’s requirements. New diesel engine or gas 
turbine types, or developments of existing types, are to be 
subjected to an agreed programme of type testing to 
complement the design appraisal and review of 
documentation. The programme will need to include short 
term high power operation where applicable. 

For craft that are covered by the IMO HSC Code a Failure 
Modes and Effects Analysis (FMEA) is required for main and 
auxiliary machinery systems and associated controls, steering 
systems and electrical systems. The IMO HSC Code includes 
Annexes that give background information on the use of the 
probability concept and procedures for undertaking FMEA’s. 

The Rules allow fatigue strength analysis of components 
based on a suitable failure criteria as an alternative to the 
requirements of individual Chapters. The effects of stress 
concentrations, material properties and the operating 
environment have to be taken into account. 

The shafting Chapter includes requirements for corrosion 
resistant shafting, shafts manufactured from composite 
materials and provides detailed requirements for clutches, 
cardan shafts, tooth and flexible couplings, and interference 


fit assemblies. The Chapter on water jets is based on 
requirements that were previously issued by LR as guidance 
notes. 

In practice this means that drainage arrangements may be 
omitted in particular compartments provided it is 
demonstrated that the safety of the craft will not be impaired. 
Other compartments may be provided with individual 
submersible bilge pumps rather than a conventional bilge 
main. The piping system Chapters also include the acceptance 
of material other than carbon steel e.g. aluminium alloy, 
plastics and stainless steel, for a wide range of pipework 
systems depending on the location and the fluid being 
conveyed. For example aluminium alloy may be an acceptable 
material for an oil fuel system providing it is installed in a low 
risk area and the supply tank is fitted with a valve capable of 
being closed from outside the space. 


5.6 Rule Layout 


The machinery requirements for Special Service Craft are 
contained in Parts 9 to 16, as detailed below: 


Part 9 General Requirements for Machinery 


¢ Chapter 1 — General Requirements for 
Machinery. 

¢ Chapter 2 —Surveys During Construction, 
Installation and Sea Trials. 


Part 10 Prime Movers 
¢ Chapter 1 — Diesel Engines. 
¢ Chapter 2 — Gas Turbines. 
Part 11 Transmission Systems 
¢ Chapter | —- Gearing. 
¢ Chapter 2 —Shafting Systems. 
Part 12 Propulsion Systems 
¢ Chapter 1 — Propellers. 
¢ Chapter 2 — Water Jets. 
¢ Chapter 3 - Thrusters. 
Part13 — Shaft Vibration and Alignment 
¢ Chapter 1 - Torsional Vibration. 
e Chapter 2 — Axial Vibration. 
¢ Chapter 3 - Lateral Vibration. 
¢ Chapter 4 — Shaft Alignment. 
Part14 — Steering Systems 
¢ Chapter 1 — Steering Systems. 
Part 15 Piping Systems and Pressure Plant 
¢ Chapter 1 — Piping Design Requirements. 
¢ Chapter 2 — Hull Piping Systems. 
¢ Chapter 3— Machinery Piping Systems. 
¢ Chapter 4 — Pressure Plant. 
Part16 Control Systems and Electrical Engineering 


¢ Chapter 1 — Control Engineering Systems. 
¢ Chapter 2 — Electrical Engineering. 
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6. FIRE AND STABILITY 


6.1 Introduction 


Part 1, Chapter 2, of the Rules and Regulations for 
Classification of Special Service Craft states that where 
required the arrangements and equipment are to comply with 
requirements of the: 


e International Convention on Load Lines, 1966, 

¢ International Convention for the Safety of Life at Sea, 1974 
and it’s Protocol of 1978, and 

¢ International Convention for the Prevention of Pollution 
from Ships, 1973, as modified by the Protocol of 1978 
relating thereto. 


The implications of this amendment are that: 


¢ statutory requirements where appropriate will have to be 
complied with as a prerequisite of classification, 

¢ compliance with this requirement will be demonstrated by 
the possession of valid IMO Convention Certificates issued 
by a National Administration or by LR, on their behalf, 
when so authorised, and 

¢ the statutory requirements need not be duplicated in the 
Rules, unless there is a need to support and provide 
consistency to the Rules which have been developed by 
LR, such as hull and essential engineering requirements 
which form the core of the Rules. 


It is important to appreciate that LR have not developed 
fire, or stability classification requirements. Where these have 
previously been included in the Rules they have been 
imported directly from the SOLAS Convention. Therefore, fire 
and stability safety aspects for vessels, already covered by 
statutory regulations, will not be duplicated within these 
Rules. Conversely, where there are no fire or stability statutary 
regulations for a particular type of vessel, then these 
requirements have been incorporated directly into the Rules. 

Prior to reviewing the fire and stability requirements for 
special service craft it is necessary to review the current 
national, international and Lloyds Register requirements 
which may impinge on the development of the fire and 
stability Rules. 


6.1.1 Fire safety 


Because fire safety requirements are based on the fire hazards 
and is not influenced directly by the operational area or 
environmental conditions the application of an operational 
envelope as used in other parts of these parts of these Rules 
is not appropriate. 

The SOLAS Convention includes fire safety requirements 
for cargo ships over 500 gross tons and passenger ships 
carrying more than 12 passengers. Notice No. 1 to the 1995 
Rules and Regulations for the Classification of Ships which 
became effective on the 26 July 1995 recognised this and 
removed the specific requirements for fire safety from these 
Rules. At the same time fire safety requirements for cargo 
ships less than 500 gross tons were developed and published 
in Notice No 1. 

In October 1993 LR introduced enhanced safety 
requirements for yachts over 50 metres in length, which 
included amongst others, fire safety and stability. This was 
achieved by increasing the level of safety so that it was 
commensurate with the 1974 SOLAS Convention Regulations 
for Passenger Ships carrying not more than 36 passengers, 
with the provision that where direct application would 


seriously impede the yacht’s intended use, arrangements 
which provide an equivalent level of safety would be 
considered. (It is important to recognise that these 
requirements are those regulations that entered into force on 
the 25 May 1980 and do not include subsequent amendments). 

The European Commission are currently developing safety 
requirements for yachts not more than 24 metres in overall 
length, which include fire safety. 

There are requirements for fire safety for yachts less than 
50 metres and for service craft in the current Yachts and Small 
Craft Rules. 

For high speed cargo craft of 500 gross tons and over on 
international voyages and high speed passenger craft on 
international voyages the requirements of the SOLAS 
Convention Chapter X — Safety Measures for High Speed 
Craft, are to be complied with IMO HSC Code. All other high 
speed craft are to comply with the fire safety requirements of 
the government of the flag state. 

Having established the Rules for yachts over 50 metres 
and recognising that the EC were introducing Rules for craft 
less than 24 metres, it was decided that LR would develop 
fire safety requirements which described the transition 
from the European Commission Rules for yachts less than 
24 metres to the LR requirements for yachts over 50 metres, 
previously accepted in October 1993. In addition the current 
LR Rule requirements for yachts less than 50 metres would 
be integrated into the new Rules. 

For service craft (excluding high speed craft under the 
IMO HSC Code) it was agreed that wherever practicable the 
SSC Rules should be based on the fire safety requirements 
for cargo craft less than 500 gross tons to ensure compat- 
ibility between new Rules and LR’s existing Rules for Ships. 


6.1.2 Stability 


Except where there is a need for a craft to comply with the 
international regulations there are no classification require- 
ments for service craft to be provided with sufficient stability, 
either intact or damage. 

In October 1993 LR introduced enhanced safety 
requirements for yachts over 50 metres in length, which 
included amongst others, stability. This was achieved by 
increasing the level of safety so that it was commensurate with 
the 1974 SOLAS Convention Regulations for Passenger Ships 
with the provision that where direct application would 
seriously impede the yachts’ intended use, arrangements 
which provide an equivalent level of safety would be 
considered. (It is important to recognise that these 
requirements are those regulations that entered into force on 
25 May 1980 and does not include subsequent amendments). 

The criteria included in the IMO Resolution A.749(18) Code 
on Intact Stability are based on the best “state of art” concepts 
taking into account sound design and engineering principles 
and experience gained from operating ships. Consequently 
this code as been used as the basis of the intact stability 
requirements for these Rules. 

The European Commission are currently developing safety 
requirements for yachts under 24 metres in length which 
included the retention on board of intact stability information 

Having established the Rules for yachts over 50 metres 
and recognising that the EC were introducing Rules for craft 
less than 24 metres, it was decided that LR would develop 
requirements which included intact stability for yachts over 
24 metres in length, and damage stability for yachts over 50 
metres in length. 
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6.2 Fire Principles 


6.2.1 General 


It is not the intention of this paper to discuss the means of 
complying with these fire safety requirements. These are dealt 
with more fully in References 4, 5 and 6. 

The following basic principles underlie the fire safety 
requirements with regard to the potential fire hazard 
involved. These principles are adapted from those applicable 
to ships, nevertheless they embody the concept of 
containment of flame, heat, smoke and gases, not only to allow 
time for fire extinguishment but also to allow time for 
personnel to escape. These are fundamental fire engineering 
principles irrespective of whether the application is on land 
or sea: 


¢ division of the vessel into main vertical zones by thermal 
and structural boundaries, 

* separation of accommodation spaces from the remainder 

of the craft by thermal and structural boundaries, 

separation of high risk fire spaces from adjacent spaces, 

restricted use of combustible materials, 

detection of any fire in the space of origin, 

containment and extinction of any fire in the space of 

origin, 

¢ protection of means of escape or access for fire fighting, 
and 

¢ ready availability of fire-extinguishing appliances. 


Within the marine industry IMO Resolutions (Codes of 
Practice) have been developed to support these principles, 
and continue to be developed. These documents include the 
testing of materials and arrangements to demonstrate their 
suitability as non-combustible materials, fire resisting 
divisions, low flame spread and reduction of smoke and toxic 
products. Further tests are being developed such as the room 
corner test which are representative of full scale applications. 

Given the task of developing Fire Rules for yachts and 
service craft, it is therefore not unnatural for LR to use the 
tools already available to the marine industry. The problem 
for the industry is that no mandatory regulations have 
previously been applied. Although many people are familiar 
with the terminology, few would understand the fire test 
requirements, which provide the information necessary for 
detail design and often limit the use of material. 

The following comments identify the principal 
requirements of these Rules. It is important to note that these 
fire safety requirements are based on unrestricted service. 
However, consideration will be given to the acceptance of 
other safety measures: 


e¢ which have been prescribed and approved by the 
Government of the flag state, provided they are deemed to 
give an equivalent level of fire safety, 

¢ where the arrangements are considered equivalent to those 
required by these Rules as a result of risk assessment 
studies, and 

¢ where the arrangements are considered equivalent to those 
required by these Rules after due cognisance has been 
taken of any restricted service limits. 


It should be noted that the fire requirements for yachts are 
based on a “cascade” system in which the requirements of 
earlier sections have to be complied with in addition to the 
requirements of a particular section, i.e. yachts greater than 
50 metres are to comply with the requirement for yachts from 
24 metres to 40 meteres as well as those described specifically 
for yachts over 50 metres. 


6.2.2 Service craft 


Service craft are to comply with the following requirements: 


¢ at least one power operated fire pump is to be provided 
and connected to a fire main. In certain circumstances this 
may be substituted by a suitable hand pump, 

¢ provision of a suitable number of portable fire 
extinguishers, 

¢ where the size of machinery spaces Category ‘A’ preclude 
access under normal operating conditions, provision is to 
be made to inject a fire extinguishing medium into the 
space while maintaining the fire integrity of the 
boundaries, 

¢ machinery spaces which are constructed mainly or wholly 
of fibre reinforced plastic or wood which contain internal 
combustion engines are to be provided with a fixed fire 
extinguishing system complying with the Rules, 

¢ atleast two fireman's outfits are to be provided on service 
craft which have enclosed spaces which are normally 
accessible, 

¢ where fire rated divisions are penetrated, then arrange- 
ments are to be made such that the fire integrity of the 
division is not impaired, 

¢ machinery spaces of category ‘A’ are to be separated from 
adjacent spaces by A class divisions insulated to take 
account of the fire risk in the adjacent spaces, 

¢ machinery spaces other than category ‘A’ are to be 
separated from adjacent spaces by B-15 class divisions. In 
addition they are to prevent the passage of smoke, 

¢ corridor bulkheads serving accommodation spaces service 
spaces and control stations are to be constructed of B-0 class 
divisions, 

¢ interior stairways serving machinery spaces, accommoda- 
tion, service space or control rooms are to be constructed 
of steel or other equivalent material, 

¢ exposed interior surfaces are to have low flame spread 
characteristics, 

¢ non-combustible insulation is to be fitted in machinery 
spaces and other spaces with high fire risks. Elsewhere 
combustible insulation may be used provided it is totally 
enclosed by cladding, 

¢ ventilation systems serving machinery spaces are to be 
independent of other systems and if passing through 
accommodation spaces, service spaces or control stations 
are to be constructed of steel and arranged to maintain the 
integrity of any fire divisions that have been penetrated, 
and 

¢ where reasonable and practicable at least two means of 
escape to the open deck are to be provided. 


6.2.3 Yachts greater than 24 metres but not greater than 30 
metres 


Yachts greater than 24m but not greater than 30m are to 
comply with the following requirements: 


¢ the intent of the European Commission Regulations for 
yachts 24m or less are incorporated into the Rules, 

* machinery spaces are separated from adjacent spaces by 
A-0 class divisions, 

¢ corridor bulkheads and stairway enclosures bounding 
escape routes are to be B-0 class divisions, 

¢ specific areas such as escape routes and concealed surfaces 
are to have surfaces which have low flame spread 
characteristics, 

¢ at least one power operated fire pump is to be provided 
and connected to a fire main, 
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¢ in each yacht fitted with an internal combustion engine 
there is to be provided an additional fire pump connected 
to the fire main, which is to be fitted outside the machinery 
spaces, 

¢ where the size of machinery spaces of Category “A” 
precludes access under normal operating conditions, a 
fixed fire extinguishing system is to be provided and, 

¢ where fire rated divisions are penetrated by pipes, cables, 
etc. then arrangements are to be made so that the fire 
integrity of the division is not impaired. 


6.2.4 Yachts greater than 30 metres but not greater than 40 
metres 


The requirements for yachts greater than 24m but not greater 
than 30m are to be complied with together with the following 
additional requirements: 


¢ machinery spaces are to be separated from adjacent spaces 
by A-0 class divisions where there is negligible fire risk in 
the adjacent space, otherwise the divisions are to be A-30 
class divisions. 


6.2.5 Yachts greater than 40 metres but not greater than 50 
metres 


The requirements for yachts greater than 24m but not greater 
than 40m are to be complied with together with the following 
additional requirements: 


¢ machinery spaces are to be separated from adjacent spaces 
by A-0 class divisions where there is negligible fire risk in 
the adjacent space, otherwise the divisions are to be A-60 
class divisions, 

¢ atall levels of accommodation there are to be provided at 
least two means of escape to the open deck from each 
restricted space or group of spaces, 

¢ no dead end corridors having a length of more than 5m 
will be accepted, 

¢ ventilation ducts in way of “A” class divisions are to be 
specially considered and ducts with a cross sectional area 
in excess of 0.075m2 are to be fitted with fire dampers, and 

¢ atleast two fireman's outfits are to be provided. 


6.2.6 Yachts greater than 50 metres 


The requirements for yachts greater than 24m but not greater 
than 50m are to be complied with, together with the following 
additional requirements: 


¢ The fire requirements of the 1974 SOLAS Convention for 
passenger ships carrying not more than 36 passengers are 
to be complied with. These requirements have been 
included into the Rules, in detail, omitting those 
requirements which are not applicable to yachts. 


6.2.7 Alternative forms of construction 


Alternative forms of construction, i.e. combustible material, 
which have been shown to meet the performance require- 
ments of either “A” or “B” class divisions, or equivalency to 
steel, may be acceptable provided, it can be demonstrated that 
the material, which by itself, or due to insulation provided, 
has structural and fire integrity properties equivalent toa steel 
division, at the end of the applicable fire exposure to the 
standard fire test. In order to provide an equivalent level of 
safety, enhanced fire detection and fire extinguishing 
requirements are required as follows for: 


¢ Yachts greaterthan 24 metres but not greater than 50 metres 


Machinery spaces containing internal combustion 
machinery are to be provided with any one of the fixed fire 
extinguishing systems identified in the Rules. 


¢ Yachts greater than 50 metres in length 


a) a fixed fire detection and fire-alarm system of an 
approved type is to be provided, complying with the 
provisions of the Rules, 


b) the higher fire integrity values in 3.5.1 and 3.5.2 of the 
Rules are to be used, 


c) an accommodation sprinkler system complying with 
the Rules is to be provided, 


d) there is to be a ready availability of fire water supply, 


e) corridor bulkheads are to extend from deck to deck, 
and 


f) alternative forms of construction, of load bearing 
materials, which are equivalent to ‘A’ & ‘B’ class 
division shall be capable of maintaining their structural 
integrity during the applicable fire exposure to the 
standard fire test, either due to the materials’ inherent 
properties or due to insulation provided. 


6.3 Stability Principles 


The stability requirements for these Rules have been 
developed from the current marine industry requirement for 
ships for intact and damage stability. The criteria included in 
the IMO Resolution A.749(18) Code on Intact Stability are 
based on the best “state of art” concepts taking into account 
sound design and engineering principles and experience 
gained from operating ships. The problems of providing a 
level of safety against accidents related to stability have 
generally not yet been solved. In particular, the safety of a craft 
in a seaway involves complex hydrodynamic phenomena 
which up to now have not been adequately investigated and 
understood. Craft ina seaway should be treated as a dynamic 
system and relationships between craft and environment 
conditions like wave and wind excitations are recognised as 
extremely important elements. It is recognised that 
development of stability criteria, based on hydrodynamic 
aspects and stability analysis of a craft in a seaway, poses at 
present, complex problems which require further research. 
Nevertheless the Code on Intact Stability is used in the 
industry and it would be expected that yachts are designed 
to meet these intact criteria. 

The requirement to sub-divide a yacht into water 
compartments such that it will withstand damage and 
flooding in one watertight compartment is not the normal 
practice. This is because there are no mandatory requirements 
currently requiring the industry to do so. The following basic 
principles are considered as underlying the damage stability 
regulations for a one compartment damage and _ are 
fundamental to a yacht surviving such a damage: 


¢ Capability of the yacht to survive both major and minor 
damages between watertight bulkheads, at intermediate 
and final stages of flooding. 

¢ Restriction of angles of heel and trim in the final stages of 
flooding to enable essential emergency equipment to 
operate and for personnel to safely evacuate the yacht 
using the life saving equipment provided. 
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¢ Prevention of down flooding through openings in the 
watertight envelope at intermediate and final stages of 
flooding. 

¢ Prevention of progressive flooding to adjacent watertight 
compartments at intermediate and final stages of flooding. 


The comments in 6.3.1 to 6.3.6 for intact stability and 6.3.7 
for damage stability are intended to identify the main 
components now introduced into the Rules. 


6.3.1 Intact stability — general criteria 


The general criteria for intact stability are: 


¢ area requirements under the righting lever (GZ) curve, 

¢ minimum requirements for the righting lever (GZ) and 
position of maximum righting arm, 

¢ requirement for a minimum initial metacentric height 
(GMo) should not be less than 0.15m, 

¢ anumber of influences such as beam wind on yachts with 
large windage area, icing of topsides, water trapped on 
deck, rolling characteristics, following seas, etc., adversely 
affect stability and these are to be taken into account, so far 
as is deemed necessary, and 

¢ provisions should be made for a safe margin of stability at 
all stages of the voyage, regard being given to additions of 
weight, such as those due to absorption of water and icing, 
and to losses of weight such as those due to consumption 
of fuel and stores, that overall could lead to a loss of GM. 


6.3.2 Effect of free surface of liquids in tanks 


For all conditions, the initial metacentric height and the 
stability curves should be corrected for the effect of free 
surfaces of liquids in tanks. 


6.3.3 Assessment of compliance with stability criteria 


For the purpose of assessing whether the stability criteria are 
met, stability curves should be drawn for the main loading 
conditions intended by the owner in respect of the yacht’s 
operations. 


6.3.4 Standard conditions of loading to be examined 


The standard conditions of loading to be examined are: 


¢ yacht in the fully loaded departure condition (to LoadLine 
marks) with full stores and fuel and with the full number 
of crew and guests with their luggage, 

¢ yacht in the fully loaded arrival condition, with full 
number of crew and guests and their luggage, but with 
only 10 per cent stores and fuel remaining, 

¢ yacht with full stores and fuel and the full number of crew 
and guests and their luggage (departure condition), and 

¢ yacht with only 10 per cent stores and fuel and the full 
number of crew and guests and their luggage (arrival 
condition). 


6.3.5 Calculation of stability curves 


The following should be considered in the calculation of 
stability curves: 


e Hydrostatic and stability curves should normally be 
prepared on a designed trim basis. However, where the 
operating trim or the form and arrangement of the ship are 
such that change in trim has an appreciable effect of 


righting arms, such change in trim should be taken into 
account. 

¢ Incases where the yacht would sink due to downflooding 
through any openings either at intermediate or final stages 
of flooding, the stability curve should be cut short at the 
corresponding angle of flooding, after which the yacht 
should be considered to have entirely lost its stability. 


6.3.6 Inclining test 


On completion of construction each yacht shall undergo an 
inclining test to determine the actual displacement and co- 
ordinates of the position of the centre of gravity of the yacht 
in the light condition. 


6.3.7 Damage stability 


Inany condition of loading the yacht must be able to withstand 
side damage to any one compartment, bounded by transverse 
watertight subdivision bulkheads, and remain afloat with no 
portion of the weather deck submerged. The assumed extent 
of damage shall be as follows: 


¢ longitudinal extent: 3.0m + 3% of length of yacht, 

¢ transverse extent: a distance of 4 of the breadth of the yacht 
measured inboard from side at the subdivision load line, 
and 

¢ vertical extent — from baseline upward without limit. 


In the case of unsymmetrical flooding the angle of 
equilibrium in the final stage of stability and flooding shall 
not exceed 7 degrees. A greater angle of heel may be permitted 
if it can be shown that positive residual stability and freeboard 
exists and the evacuation of the yacht can be achieved. 

In the case of symmetrical flooding there shall be a positive 
residual stability. Intermediate stages of flooding should also 
be investigated. 


6.3.8 Double bottoms 


For protection against bottom damage the yacht should be 
provided with double bottoms in accordance with these Rules: 


¢ where the length of the yacht exceeds 50m,a double bottom 
is to be fitted in the hull (or hulls in multi-hull craft), 
extending from the collision bulkhead to the forward 
watertight bulkhead in the machinery space, 

¢ where the length of the yacht exceeds 61 metres, a double 
bottom is to be fitted outside the machinery space and is 
to extend to the collision bulkhead and the aft peak 
bulkhead. Where no aft peak bulkhead is fitted, the extent 
of the double bottom will be specially considered, and 

¢ where the length of the yacht exceeds 76 metres, the double 
bottom is to extend throughout the length of the yacht. 


Special consideration will be given to the fitting of double 
bottoms in way of special features of the yacht, provided it 
can be demonstrated that the vessel can survive the damage 
stability criteria for side damages. 


6.3.9 Openings in watertight bulkheads and decks 


The number of openings in watertight subdivisions is to be 
kept to a minimum compatible with the design and proper 
working of the ship. Where penetrations of watertight 
bulkheads and internal decks are necessary for access, piping, 
ventilation, electrical cables, etc., arrangements are to be made 
to maintain the watertight integrity. 
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Doors provided to ensure the watertight integrity of 
internal openings which are used while at sea are to be sliding 
watertight doors capable of being remotely closed from the 
bridge and are also to be operable locally from each side of 
the bulkhead. Indicators are to be provided at the control 
position, showing whether the doors are open or closed, and 
an audible alarm is to be provided at the door closure. The 
power, control and indicators are to be operable in the event 
of main power failure. Particular attention is to be paid to 
minimising the effect of control system failure. Each power- 
operated sliding watertight door shall be provided with an 
individual hand-operated mechanism. It shall be possible to 
open and close the door by hand at the door itself from both 
sides. 

As an alternative to sliding doors, special consideration 
will be given to the fitting of hinged watertight doors, where 
it can be shown that they are as effective as sliding watertight 
doors. 


6.3.10 Stability information 


Every yacht over 50 metres in length shall be supplied with 
information indicating its stability characteristics: 


¢ Typical loading conditions covering 
operations of the yacht. 

¢ Details of intact stability for the loading conditions shown 
taking into account free surface effects of liquids in tanks, 
and, for sailing and auxiliary yachts, the effects on stability 
of the maximum sail load that can be carried. 

¢ A plan showing downflooding points and any doors or 
other openings in watertight bulkheads which require to 
be closed to achieve the damage stability standard. 

¢ For sailing and auxiliary yachts details should be given of 
the maximum heel angles whilst under sail to prevent 
downflooding in gusts and squalls. 


the range of 


7. BENEFITS OF THE SSC RULES 


The SSC Rules were developed with the end-users in mind. 
Some of immediate benefits of the Rules are summarised in 
7.1 to 7.7. 


7.1 User-friendliness 


The Rules are user friendly in that the layout is logical with 
clear and detailed contents list, i.e they are simple to follow. 
The Rules are backed up with the state-of-art software so that 
the design appraisals are automated for both builders and/or 
designers and LR, and may be conducted locally and/or 
regionally. 


7.2 Transparency 


Rule requirements are clear with formulae largely based on 
classical theory and therefore ‘transparent’ to users. 


7.3 Comprehensiveness 


The Rules are comprehensive and self-contained in that they 
cover aluminium alloy, steel and composite materials, all 
classification aspects for hull and machinery, particular 
requirements for hull form, craft type and functional roles, 
and applicable statutory regulations are clearly referenced. 


7.4 Flexibility 


The Rules are flexible and may be used as a basis for craft types 
not specifically covered and used as a basis to cater for craft 
constructed from wood and other materials not specifically 
covered. 


7.5 Weight Critical 


Weight saving has in general been obtained overall whilst 
maintaining the level of structural safety and reliability. 


7.6 System Approach 


The Machinery Rules adopted a system approach in that 
requirements for machinery are grouped together by function 
ata higher level and, at the lower level the concept of ‘vendor 
supply’ has been used where possible. The Rule requirements 
for a machine or component from one vendor are available in 
one section of the Rules. 


7.7 Confidence and Reliability 


Confidence and reliability in the end product are assured since 
specific requirements are applied. Safety is the central aim of 
the Rules. 
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8. CONCLUDING REMARKS 


The development of the SSC Rules was a multi-disciplinary 
project which had the support of more than twelve 
departments from the Ship Division, Engineering Services 
Group and LR Outports and was a major undertaking. In 
developing the SSC Rules LR has: 


¢ taken into account new developments in the high speed 
craft technology and their economic and environmental 
impact, 

¢ taken into account the latest domestic and international 
legislative developments, i.e. the development of the 
International Code of Safety for High Speed Craft and the 
European Union Directive for Recreational Craft less than 
24 metres, 

¢ incorporated the requirements of Yachts and Small Craft 
Rules, and the Catamarans Rules and, as a result, the SSC 
Rules superseded the Catamaran Rules and the Yacht and 
Small Craft Rules. 

¢ consolidated LR’s experience in this sector of the marine 
industry, and, 

¢ enlisted the assistance of the industry through the LR 
Consultative Group on High Speed Craft. 


The use of high speed craft to transport passengers and 
cargo across open seas is one of the most exciting 
developments in the marine industry. The quest for highspeed 
and light weight craft which can transport large numbers of 
passengers, motor vehicles and various other high-value 
cargoes in a safe and profitable manner demands the use of 
novel concepts, new materials and sophisticated propulsion 
and control systems. The provision of reliable techniques for 
load prediction and a structural design methodology for use 
by the industry is a challenge for us all in the coming years. 
It is hoped that the publication of the SSC Rules will make a 
contribution to the safety of all the types of craft now being 
produced. 

In support of the Rules, a number of research projects have 
been put in place and are in progress, see Reference 7. The 
results of the research work together with increasing service 
experience and the feedback from designers, operators and 
academics etc. will, in future, lead to further developments 
and improvements to the design methodology applied, in 
particular, to high speed craft. 
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APPENDIX A: 
CRAFT DEFINITIONS 


A craft can normally be identified by its primary role and hull 
form. A service craft is any craft within the scope of the Rules 
other than a yacht. 


1. CRAFT TYPES BY THEIR PRIMARY ROLES 


1.1 Passenger craft 


A passenger craft is a craft designed for the carriage of more 
than 12 passengers: 


¢ Category A & B passenger craft as defined in IMO HSC 
Code on international voyages. 

¢ Passenger ferry whether on international or non- 
international voyages. 

¢ Passenger launch whether on international or non- 
international voyages. 

¢ Crewboat whether on international or non-international 
voyages. 


A passenger is every person other than the Master and the 
members of the crew or other persons employed or engaged 
in any capacity on board a craft on the business of that craft 
and a child under one year of age. 


1.2 Workboat 


A workboat is a general purpose service craft which may be 
adapted for duties such as: 


Mooring and line handling. 
Towing and pushing. 
Hydrographic survey. 
Pollution control. 
Fire-fighting. 

Rescue. 


1.3 Patrol boat 


A patrol craft is a craft which may be operated by authorities 
such as: 


Harbour patrol. 

Police. 

Customs. 

Fishery protection. 
Naval and paramilitary. 


1.4 Pilot launch 


A pilot launch is a craft designed to come alongside ships 
whilst at sea to embark or disembark pilots. 


1.5 Fishing craft 


1.6 Cargo craft 


A cargo craft is a craft carrying cargo: 


¢ Cargo craft as defined in the IMO HSC Code over 500 GRT. 
¢ Other cargo craft — above or below 500 GRT. 


2. CRAFT TYPES BY THEIR HULL FORM 


2.1 Mono-hull Craft 


A Mono-hull craft is a craft whose single hull may be of 
displacement or semi-displacement form in the lower speed 
ranges or of a semi-planing or planing form subject to some 
support by hydrodynamic lift in the higher speed ranges. 
Hydrofoils or aerofoils may be fitted to enhance performance. 


2.2 Multi-hull craft 


A Multi-hull craft is a craft with two or more hulls which may 
be of displacement or semi-displacement form in the lower 
speed ranges or of a semi-planing or planing form subject to 
some support by hydrodynamic forces in the higher speed 
ranges. The following types of multi-hull craft are the most 
common: 


¢ Acatamaran isa craft with twin-hulls linked by a bridging 
structure. 

¢ Awave piercer isa particular type of catamaran with lower 
hulls of a displacement or semi-displacement form that 
provide a positive freeboard when at rest in smooth water 
but which are expected to become partially submerged 
when advancing in waves. 

¢ A Small Waterplane Area Twin Hull Ship (SWATH) is a 
twin-hulled craft characterised by bulbous lower hulls 
(torpedoes) and relatively narrow struts connecting them 
to the haunches and deck structure. 

¢ A Surface Effect Ship (SES) is an air-cushion vehicle whose 
cushion is totally or partially retained by permanently 
immersed rigid structures. 


3. YACHT 


A yacht is a recreational craft used for sport or pleasure and 
may be mechanically propelled, by sail or by a combination 
of both. 


4. OTHER TYPES 


¢ AnAir Cushion Vehicle (ACV) is a craft such that the whole 
ora significant part of its weight can be supported, whether 
at rest or in motion, by a continuously generated cushion 
of air dependent for its effectiveness on the proximity of 
the surface over which the craft operates. 

¢ A foilassisted craftis a craft designed such thata significant 
part of its weight, whilst in motion, is supported by 
hydrodynamic lift generated by foils. 

¢ A hydrofoil craft is a craft which is supported above the 
water surface in non-displacement mode by hydro- 
dynamic forces generated by foils. 

¢ A Rigid Inflatable Boat (RIB) is a craft combining a rigid 
hull enclosed by a watertight self-draining deck situated 
above the deepest operational load waterline and provided 
with a gas, air or foam-filled flotation collar/fender at the 
edge of the deck above the hull to improve the stability and 
to augment the reserve of buoyancy and sea-keeping 
ability of the rigid hull. 
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APPENDIX B: 
THE LLOYD’S REGISTER CONSULTATIVE 
GROUP ON HIGH SPEED CRAFT 


Terms of Reference 


1. Mission 


Lloyd’s Register has embarked on a major R&D programme 
to develop new Rules and Regulations for the classification of 
high speed craft including high speed catamarans. In 
formulating these Rules and Regulations there are certain 
areas in which LR wishes to seek the views of experts from 
within the high speed craft industry. It is intended to do this 
through a consultative group. The purpose of the proposed 
Consultative Group therefore is to facilitate the participation 
of interested parties from within the industry to consider and 
discuss proposals for the technical contents of LR’s new Rules 
and Regulations prior to submission to LR Technical 
Committee. Apart from ensuring safety at sea as enshrined in 
LR’s constitution, it is important that the new Rules and 
Regulations reflect the current state of the art and are usable 
to all interested parties, i.e Flag Administrations, Owners and 
Operators, Designers and Builders etc. The overall mission of 
the Consultative Group is to: 


(a) Exchange views on the development of high speed craft 
technology, i.e. 


¢ Developments in technology 
e User experience and attitudes 


e Experience with other Classification Societies 


(b 


a= 


Advise LR on the operational aspects of high speed craft, 
1.€. 


Service experience 
Operational considerations 
Statutory aspects 

Problem areas 


(c) Review LR’s rule philosophy, i.e. 

¢ Approach to structural design rules with special 
reference to the probabilistic assessment of the 
frequency and severity of impactive loads on single 
and multi-hulls in given sea-states 

¢ Approach to statutory requirements 
Approach to machinery design rules 

¢ Problem areas 


2. Membership 


Membership of the Consultative Group shall be comprised of 
interested parties drawn from within the high speed craft 
industry and from within LR. The Chairman and the Secretary 
of the Consultative Group shall be nominated by LR. 


APPENDIX C: 
SHIP TYPES COVERED BY THE RULES FOR 
SHIPS 


The following ship types are covered by the Rules and 
Regulations for the Classification of Ships: 


General Cargo Ships 

Ferries, Roll On-Roll Off Ships and Passenger Ships 
Tugs 

Offshore Supply Ships 

Barges and Pontoons 

Trawlers and Fishing Vessels 
Bulk Carriers 

Container Ships 

Oil Tankers 

Chemical Tankers 

Ore or Oil Tankers 

Dredging and Reclamation Craft 
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1. INTRODUCTION 


Three years ago, in a paper [1] to the International Maritime 
Organisation (IMO), the UK Marine Safety Agency (MSA) 
introduced the concept of Formal Safety Assessment for ship- 
ping. This initiative stemmed from the report a year or so 
earlier by Lord Carver’s House of Lords Committee on the 
Safety Aspects of Ship Design and Technology [2]. Their 
report called for a more scientific approach to ship safety, 
with an emphasis on performance or goal based rather than 
prescriptive requirements, and envisaged a move towards 
the use of risk assessment or the so called safety case regime. 

In its response to the Lords report, the UK government 
recognised firstly the international nature of shipping, which 
means that any development of a new approach would need 
to be in the context of the IMO and with the cooperation and 
agreement of all its members; secondly that to contemplate 
an individual safety case for every merchant vessel would 
be impractical for the foreseeable future, especially bearing 
in mind the wide variations that would inevitably arise in 
interpretation and implementation by different owners and 
flag states, and which could result in the uniformity and 
minimum standards of existing prescriptive requirements 
being lost. It was also considered that the introduction of a 
safety case regime would put unrealistic demands upon the 
resources of both the regulator and regulated. 

As a result therefore, the UK proposed to the IMO’s 
Maritime Safety Committee the concept of Formal Safety 
Assessment, or FSA. This is a new approach to marine safety 
which involves using the techniques of risk assessment and 
cost-benefit assessment, not for individual ships, but as a basis 
for IMO’s Rule making process for shipping in general. The 
UK reasoned that adoption of FSA would enable safety issues 
at IMO to be prioritised, and regulations derived that are cost 
effective and proportional to risk. 

Inits proposal to the Maritime Safety Committee, FSA was 
seen by the UK as comprising five steps as follows: 


1. — Identification of hazards, 


2 Assessment of the risks associated with those hazards, 


a 


Consideration of alternative ways of managing the 
risks, 


4. Cost benefit assessment of alternative risk management 
options, 


5. Decisions on which options to select. 


In particular, it was proposed that FSA could be applied by 
the IMO to ensure a strategic oversight of safety and pollution 
prevention. In this respect, as already indicated, the UK’s 
proposals differed significantly from the safety case regimes 
found in many other industries where a risk-based approach 
to safety management has been adopted. Instead of applying 
the tec hniques to assess the safety of every ship individually, 
the method could be adopted by the IMO as the basis for 
deriving future convention requirements. This would retain 
the advantages of a risk based approach, whilst avoiding the 
disadvantages associated with a safety case regime for ships. 

Over the past three years, the Maritime Safety Committee 
has responded favourably to the FSA initiative, initially 
setting up an international corresponding group (coordinated 
by the UK) to consider the UK’s proposal, and subsequently 
putting FSA as a priority item onto its agenda. The subject 
will now be discussed fully by a Working Group established 
for the purpose by the MSC at its next meeting in May 1996. 
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Research 


In support of the FSA proposal to IMO, the MSA has 
embarked upon an on-going programme of research to 
develop the FSA concept. The objective of the initial work 
was specifically to consider the benefits of applying FSA to 
shipping, and to analyse the scope for applying the concept 
to the work of the IMO. The results, which were reported to 
the MSC in May of last year [3], concluded that adopting 
FSA as a regulatory tool within IMO would bring several 
advantages. In particular, it would: 


1. enable a consistent and comprehensive regulatory 
framework to be developed, which addresses all 
aspects of maritime safety in an integrated way; 


2. facilitate cost effective regulation, whereby, safety 
investmentis targeted where it will achieve the greatest 
benefit; 


3. be proactive (rather than reactive) in its approach, 
enabling hazards that have not yet given rise to acci- 
dents to be properly considered; 


4. give confidence that the system of regulation and 
control is risk based, i.e. that regulatory requirements 
are in proportion to the severity of the risks being 
controlled; and 


5. provide a rational basis for assessing and controlling 
new risks posed by ever changing marine technology. 


A second research project was then commissioned by MSA, 
with financial assistance from the European Union. This 
work (project 366) was undertaken by Lloyd’s Register, and 
the results form the basis for this paper. This second project 
had the objective of developing methodology for the first 
two steps of FSA (i.e. identification of hazards and assess- 
ment of risks), and demonstrating the practicability of that 
methodology. 

Reports of both these projects were given by the respec- 
tive research contractors to an international seminar on FSA, 
organised by MSA at the IMO in May 1995 [4]. 

Project 366 was specifically undertaken in parallel with 
IMO’s Panel of Experts on RoRo Ferry Safety, with the aim 
of informing Panel members about the FSA approach. 
Accordingly, the results, as they emerged during successive 
stages of project 366, were made available by MSA to the 
Panel. It is noteworthy that the Panel, in its report to MSC 
[5], acknowledged that had a FSA system been available its 
work would have been facilitated, and concluded that FSA 
should form part of the overall rule-making process of IMO. 

Subsequent projects, commenced following endorse- 
ment of the FSA concept by MSC 65, have built upon the 
work of project 366 to develop an entire generic FSA method- 
ology. These projects culminate in a major UK submission to 
the forthcoming meeting of MSC [6] in May 1996 which 
draws inter alia upon the output of project 366. These subse- 
quent projects are themselves part of a longer term MS 
research strategy that aims to complete a “worked example” 
of FSA applied toa particular type of vessel (high speed cata- 
maran passenger craft), to illustrate and demonstrate the 
methodology in practice. 


2. BACKGROUND 


Risk Assessment techniques were first developed as a safety 
management tool in the 1970s. Since then, a safety case regime 
has been adopted in many industries in a number of countries. 
In the UK the areas of application have included the nuclear 
power industry, chemical process plants, and recently it has 
become part of the legal requirement for a Safety Case in the 
offshore hydrocarbon exploration and production industry in 
the UK Continental Shelf. 

As part of an ongoing research programme discussed above, 
the UK Marine Safety Agency (MSA), with some financial assi- 
tance from the European Union, commissioned LR to carry out 
a research project to demonstrate the practicability of applying 
the first two of the five steps comprising FSA, listed in the previ- 
ous section, to international shipping. In line with the overall 
philosophy of using FSA as a tool to assist in rule making for 
ships in general, the project was defined on the basis that ships 
involved in international trade can, at a high level, be consid- 
ered to have generic risks associated with them, irrespective of 
the specific type of vessel. The demonstration of the practica- 
bility of applying the first two of the five steps was aimed at 
these generic risks. In doing this it was also a requirement that 
the FSA methodology should be comprehensive, so as to 
encompass all hazards which can apply to shipping, so that 
the relative importance of each could be seen. Further, it 
should be detailed enough to identify reliably any need for 
change in legislation, in the light of all factors which could 
cause or prevent a hazard. In order to set the work of this 
project within context a preliminary methodology for risk 
assessment overall was developed by LR. 
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3. DEFINITION OF SYSTEMS 


A Formal Safety Assessment study as described by the steps 
listed above, required at the outset a definition of the system(s) 
to be examined. For this project the system was called the 
“generic ship”, and this was defined as being represented by a 
set of thirteen functions representing the characteristics and 
features which enable a ship to operate and trade safely, with 
due regard to the environment. In addition four operational 
phases were identified, along with a statement as to which of 
the defining functions are required during these phases. Finally 
a list of essential systems and equipment for the generic ship 
was identified. 

The “generic ship”, in the context of this project, has been 
defined as those features, characteristics and attributes of ships 
which are common to all, or the vast majority, of ships engaged 
in international trade. While it is recognised that such ships 
carry cargo and/or passengers, herein referred to as “payload”, 
the different ship designs and features that customise a ship for 
a particular trade do not form part of the generic ship. 

The generic ship functions, generic modes of operation and 
their cross-relationships have been identified and are shown in 
the following Table 1. 


Table 1 - Generic Ship Functions and Modes of Operation 


Passage! 


Generic Function Payload 
Loading/ 


Unloading 
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anchoring 
carriage of cargo 


communications 


emergency response 


habitable environment 
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manoeuvrability 


mooring 


navigation 
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pollution prevention 


power and propulsion 


bunkering and storing 


stability 
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structure 


Notes: 


1 Inthe event of the generic ship becoming damaged, each of the 
above operational functions which remain undamaged would 
continue in operation and allow the ship to seek a Safe refuge, 
where necessary. 


Limited communications capability would be necessary, unless it 
is required to work upon these systems when in dry dock. 


In respect of dry dock operations, this is a period when many 
serious fire incidents have occurred. For the purposes of this 
study, it is assumed that no ship's personnel will live on the ship 
while the ship is in a dry dock. However, it is recognised that it is 
the practice of certain Owners to retain staff on board whilst in dry 
dock and, in such a case, it is the responsibility of the Owner to 
agree with the shipyard what emergency provisions and 
procedures should exist to safeguard the lives of the crew. 


Certain ship operations, such as shuttle tanker loading at a buoy, 
will require the availability of manoeuvring and navigation 
equipment and systems. 


Shore power supplies would be provided when in dry dock. 


4. HAZARD IDENTIFICATION 


The next element of an FSA study is the identification of the 
particular hazards to which the system is subject and in this 
respect the special nature of maritime hazards was given 
consideration. It is a characteristic of marine transport that the 
control positions, crew’s living and working areas, payload, 
fuel, propulsion, power generation plant and emergency 
systems are concentrated together within the confines of the 
ship. This is in contrast to land-based utility or process instal- 
lations where separation is usually achieved (and required) 
between such functions and any potentially hazardous inven- 
tories. Another characteristic of marine transport is that, at 
different phases of the operating cycle, the ship could be remote 
from external assistance, operating in close proximity to other 
ships or to structures, or be posing a hazard to a surrounding 
population. There are hazards which apply to ships which are 
not found in other industries, for example grounding or flood- 
ing, and also ship motion may increase the severity of, or 
susceptibility to, the hazards which can be experienced by the 
personnel or the ship. 

Arange of hazard identification techniques were considered 
in the project including the following. 


Brainstorming — A free-thinking review of a defined topic by a 
team of engineers and other appropriate disciplines in 
order to identify key issues connected with a problem. 


Hazard and Operability Study (HAZOP) — A systematic examina- 
tion of a plant design or procedure, by a team of engineers 
representing all disciplines concerned with the design, led 
by anindependent chairman, and using guidewords (such 
as “no flow”, when looking ata fuel oil system) to identify 
all deviations from the design intent which may have 
undesirable effects for safety or operability. 


Failure Mode and Effect Analysis (FMEA) — A process by which 
all possible single failure modes of components or 
features of asystem are considered in turn, and any result- 
ing undesirable outcomes are noted for possible further 
action, if appropriate. 


The hazard identification exercise for risks common to all ships 
was mainly carried out in this project using the brainstorming 
technique, by a team of marine safety experts, master mariners, 
marine engineers and naval architects. This produced a list of 
the hazards believed to be capable of affecting all ships. These 
were categorised under the following headings: 

¢ collision (striking between ships), 

* contact (striking between ship and other objects), 

° explosion, 

¢ — external hazards — natural, 

¢ external hazards — other, 

° fire, 

* flooding, 

¢ grounding or stranding, 

° hazardous substances, 

¢ loss of hull integrity, 

¢ machinery failure, 

° payload related. 


Each of these hazard categories was carefully defined in scope 
as follows. 
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Collision and Contact 


A collision is defined as the ship striking or being struck by * 


another ship, regardless of whether under way, anchored or 
moored. Collision does not include striking underwater 
wrecks. 

A contact is defined as the ship striking, or being struck, by 
an external object (e.g. navigation buoy or berth), but not 
another ship or the sea bottom. 


Explosion 


An explosion is defined as a release of energy which causes a 
pressure discontinuity or blast wave. 

The term explosion is used herein to denote any sudden, 
violent expansion of gas, release of stored energy, or of the prod- 
ucts of combustion (other than those controlled in the 
combustion chambers of reciprocating internal combustion 
engines), and is used irrespective of the magnitude. An explo- 
sion may occur within a piece of equipment or, more generally, 
in a confined space. 


External Hazards — natural 


Natural external hazards are defined as severe weather or freak 
waves which the ship could reasonably be expected to 
encounter. Severe damage could occur to the ship structure and, 
in extreme cases, the ship can sink quickly. Other hazards, such 
as machinery failure leading to the impairment of such func- 
tions as propulsion, manoeuvrability or power, can contribute 
to the effect of natural phenomena. 


External Hazards — other 


Other external hazards are defined as external events which 
occur for reasons not directly associated with the ship. An 
example would be an explosion and fire on the loading jetty 
adjacent to an oil tanker or gas carrier. 

In this category could be placed damage sustained when in 
a war zone or if the ship strikes a mine. However, war damage 
situations were specifically excluded from this study. 


Fire 


Fire is defined as an unwanted or uncontrolled combustion 
process, other than explosion. It is used irrespective of the size 
or extent of the conflagration. 

The fire may be contained within a piece of equipment, such 
as a diesel engine scavenge space or a main electrical switch- 
board; it may be in the open, such as on an exhaust pipe; or 
within a space (machinery, accommodation, etc.). 


Flooding 


Flooding is defined as sea water, or water ballast, entering a 
space, from which it should be excluded, in such quantity that 
there is a possibility of loss of stability leading to capsizing or 
sinking of the ship. 


Grounding and Stranding 


Grounding is defined as the ship coming to rest on, or riding 
across underwater features or objects, but where the ship can 
be freed from the obstruction by lightening and/or tug assis- 
tance or by floating off on the next tide. Damage may be caused 
to the hull and to the propeller, and the severity of the damage 
may prevent the ship from continuing under its own power to 
a port of refuge. 


Stranding is a greater hazard than grounding and is defined 
as the ship becoming fixed on an underwater feature or object 
such that the ship cannot be moved by lightening, floating off 
or with the assistance of tugs. The ship may suffer immediate 
structural damage or may be damaged over a longer period by 
the action of the sea. In either case, the ship would be aban- 
doned, with possible risk to life and damage to the 
environment. 


Hazardous Substances 


For the purposes of this study, hazardous substances are 
considered to be any substance which, if generated or liberated 
as a result of a fire, accidental release, human error, failure of 
process equipment, loss of containment, or overheating of elec- 
trical equipment, can cause impairment of the health and/or 
functioning of the complement. These materials may be toxic 
or flammable gases, vapours, liquids, dusts or solid substances. 


Loss of Hull Integrity 


Loss of hull integrity is the consequence of certain initiating 
events and is used herein to denote any damage to the external 
hull, or to internal structure and sub-division, such that any 
compartment or space within the hull is opened to the sea or 
to another compartment or space. 


Machinery Failure 


For the purposes of this study, Machinery Failure is considered 
to be any failure of equipment, plant and associated systems 
which prevents, or could prevent if circumstances dictate, the 
ship from manoeuvring or being propelled or controlling its 
stability. 


Payload Related 


This is not a specific hazard category because cargo related 
hazards include loss of stability due to cargo shifting, fire and 
explosion due to failure of inerting systems, fire resulting from 
spontaneous ignition of the cargo, explosion due to dust or 
static and damage to the hull structure resulting from the 
method employed for loading or discharging the cargo. 

Payloads can comprise dry bulk, oil, gas, bulk chemicals, 
containers, dry cargo, refrigerated cargo, vehicles, livestock 
and passengers, each of which would impose their own specific 
hazards. 


In addition to identifying the hazards, the brainstorming 
exercise also generated a large number of ideas and observa- 
tions on the possible causes and outcomes of hazards, which 
were noted for later use in hazard evaluation. Additionally in 
the final stages of the project, when particular hazards had been 
selected for more detailed examination, the HAZOP and FMEA 
approaches were applied to particular systems and the results 
of this demonstrate their use and applicability. 
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5. HAZARD SCREENING 


Hazard identification should be a wide ranging and uninhib- 
ited process to ensure that nothing of significance is 
overlooked. Following this it is necessary to establish, in broad 
terms, the risks due to the identified hazard categories with a 
view to setting priorities for more detailed risk evaluation. 

Risk is defined as the combination of the probability, or 
frequency, of occurrence of a defined hazard, and the magni- 
tude of the consequences of the occurrence. 

The consequences can result in injury to personnel and/or 
damage to plant or business, or to the environment. Establish- 
ing the risk due to each of the hazard categories is done by using 
historical accident data, and expert judgement. In this project 
each of these was explored separately, and then in combination. 

The historical accident data were taken from the Lloyd’s 
Register Casualty database which records reported serious 
accidents to ships of over 100 GRT worldwide. Accidents over 
the last ten years involving ships over 500 GRT were consid- 
ered. This produced a range of information such as the numbers 
of accidents which have occurred, and the numbers of fatalities 
which have resulted, for different types of ship. These data are 
illustrated in Tables 2 and 3. One difficulty with the use of 
historical accident data in this case is that the categories of 
hazard which were identified above do not correspond to the 
categories under which accidents are recorded 

A risk matrix was constructed. By this approach, the magni- 
tude of risk (defined as product of frequency and consequence) 
is measured on a scale of 1 to 10 as shown in Table 4. 


The frequency and consequence bands are defined as follows: 


Frequency bands: 


FO Once every 100 000 years or less frequent. 
Fl Once every 10 000 to 99 999 years. 

F2 Once every 1000 to 9 999 years. 

F3 Once every 100 to 999 years. 

F4 Once every 10 to 99 years. 

F5 Once every 1 to 9 years. 

Fo Once every year or more frequent. 


Consequence bands: 


Safety: 

Sl Minor Single or minor injuries. 

$2. Significant Multiple injuries. 

$3 Severe Single or small number of deaths, e.g. less 


than ten. 
Large number of simultaneous deaths, 
e.g. ten or more. 


S4 = Catastrophic 


Environmental contamination: 


El Minor Discharge of domestic materials, e.g. food 
or untreated sewage, or minor spillage of 
oil or oily mixture. 

Intermediate spillage of oil, oily mixture 
or chemicals. 

Spillage of large volumes of oil, oily 
mixture or chemicals, e.g. discharge of 
10% of the total cargo of a large oil tanker, 
causing long term damage. 

Major spillage of oil, oily mixture or 
chemicals, e.g. total discharge of a large 
oil tanker, causing significant long term 
damage. 


E2 Significant 


E3 Severe 


E4 Catastrophic 


Table 2 Worldwide Accidents (1985 — 1994 Inclusive) 

Population No. of Accidents 
Ship Type (Ship- Years) Total CN CT 
Bulk 56480 1386 193 

Fishing ‘ 48850 341 
Liquid Gas/Chemical 19690 149 
Offshore 13310 
Passenger 6640 
Roro 27580 


Other Cargo 143830 
Other Types 26150 
Total 391520 


Hull/Machinery Failure 
Grounding/Stranding 

Fire and Explosion 

Collision 

Contact 

War Loss/Damage During Hostillities 
Foundered/Flooding 

Miscellaneous 

Missing Vessels 


Table 3 Worldwide Lives Lost (1985 — 1994) 


Ship Type Population 
(Ship- Years) 


Bulk 56480 


Liquid Gas/Chemical 19690 


65 
Offshore 13310 i Riis 


Passenger 6640 50 
Roro 27580 


Tanker 48990 


Other Cargo 143830 
+ 


Other Types 26150 
Total 391520 
Percentage 


Hull/Machinery Failure 
Grounding/Stranding 

Fire and Explosion 

Collision 

Contact 

War Loss/Damage During Hostillities 
Foundered/Flooding 

Miscellaneous 

Missing Vessels 
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Table 4 - Risk Matrix 


Frequency 


Significant 
Severe 


Notes: 


Ci (i=1 to 4) stands for either the safety, environmental or business 
loss consequence band, i.e. Si, Ei or Bi. 


Business loss: 


Bl Minor Minor damage, likely business loss in the 
order of £10 000 or less. 

B2 Significant Damage requiring shore side support or 
repair, likely business loss in the order of 
£100 000. 

B3 Severe Major damage to ship requiring towing or 


tug assistance or drydocking or lengthy 
repair, likely business loss in the order of 
£1 million. 

B4 Catastrophic Total loss of asset, e.g. loss of ship includ- 
ing construction loss or damage about £10 
millions or more. 


A risk level in the matrix is defined as the sum of the corre- 
sponding suffix values of the consequence and frequency 
bands, with a value of 10 indicating the highest risk level. The 
risk levels are indicative of the relative order of magnitude of 
risk. The approach can be used with reference to either histor- 
ical data or expert judgement, or indeed, a combination of both. 

Used in the analysis of risk applying to all ships, the risk 
matrix approach was unable to discriminate sufficiently 
between hazard categories. An alternative method based on 
giving more weight to the loss which has occurred was 
explored, and termed the cumulative loss approach. 

This approach effectively weights the risk estimate in favour 
of higher consequence accidents in order to achieve discrimi- 
nation between hazard categories. 

In parallel with the consideration of historical accident data, 
expert judgement was also used to establish the order of prior- 
ity of the hazard categories. This was done initially by having, 


Table 5 Tankers - Final Prioritised Lists of Hazards 


two experienced master mariners independently consider 
the risks associated with each of the hazard categories. Their 
subjective risk estimates were then combined, and reviewed 
by a number of other experienced mariners and marine engi- 
neers. This yielded a prioritised ranking of hazards in order 
of importance. A number of advantages over the use of acci- 
dent data were apparent. Firstly, allowance can be made for 
recent changes in legislation, technology, operating practice 
etc. which will not have had time to affect the historical acci- 
dent data. Secondly, it is possible to look forward, so as to 
consider hazards for which accident data may not yet exist, 
but which it can be predicted may be of importance in the 
future. Another advantage is that it is possible to use the 
hazard categories most relevant to generic ships identified 
previously. A disadvantage relevant to this particular project 
was perhaps the difficulty in getting expert opinion able to 
consider all types of ships, giving the same weight to each. For 
this reason the prioritisation using expert judgement was 
limited to tankers, for this exercise. 

The rankings of the hazard categories in order of importance 
from accident data using the cumulative loss approach and 
expert judgement were combined to give a final ranking. In 
doing this a subjective 3:1 weighting in favour of the expert 
judgement was applied, because of its perceived advantages 
over the historical accident data. The sensitivity of the outcome 
to this weighting was explored. In view of the resources avail- 
able this combined ranking was produced only for tankers, and 
the results are shown in Table 5. 

The project then went on to look at how these hazard cate- 
gories might occur i.e. what are their possible causes, or the 
sources of exposure to risk. This supported the objective that 
the FSA method should be capable of identifying areas of legis- 
lation which may be most in need of change. Each hazard 
category can be regarded as having certain generic causes or 
risk exposure sources which may give rise to it. This is useful 
because in practice it is upon these causes that the attention of 
IMO, through rule-making sub-committees, should be focused 
in considering whether to introduce new or modified legisla- 
tion. The next task then was to develop a method for identifying 
these risk exposure sources, and prioritising them so that those 
which are most urgently in need of action could be identified. 
The method as described below was then applied to provide 
an example. 


(a) Derive a set of risk exposure sources, or causes, which are 


sufficient to give rise to the hazard categories. For exam- 
ple the hazard category Grounding /Stranding is caused 


Business 


Rank Hazard 


Payload Related 


12 Machinery Failure 


r 4 
Machinery Failure Hull Failure Payload Related 
5 


External Hazard — Natural Fire 


Collision Explosion 


Explosion External Hazard — Natural 


1 
9 


Hull Failure 


Grounding/Stranding 


Hazardous Substances Hazardous Substances 


Explosion 


Payload Related 7 Machinery Failure 


External Hazard — Other Collision 


Grounding/Stranding Grounding/Stranding 


External Hazard — Natural 


Collision 


Hazardous Substances 


a}|~w] om] o 


Hull Failure Flooding/Foundered 


External Hazard — Other 


Flooding/Foundered 


Contact 


Flooding/Foundered 
Contact 


[>] 
MPoOlala 


Note: Large Numbers of ‘Rank’ indicate High Risk, but the values represent the relative position not the Relative Risk Level. 
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(b) 


by, inter alia, loss of propulsion, navigational error, 
control or steering system failures, etc. A Flooding hazard 
can be caused by, inter alia, the loss of hull integrity, 
machinery failures, human error and external events. 


Any list of causes put forward in this project is unlikely 
to be final or exhaustive. A rule-making sub-committee 
will be entitled to modify or amend such a list to best fit 
its own purposes, but such modification should be done 
with some constraint. Bearing in mind the purpose to 
which the list of risk exposure sources will be put, it is felt 
that there are three important criteria to be satisfied 
namely: 


(i) the list should be able to interface with the topics 
under which current ship safety legislation is set; 
recognising the link between the current position and 
intended future position will facilitate legislative 
change, 


(ii) the list should be sufficient, so that all possible causes 
of the occurrence of a hazard category can be allo- 
cated within it, 


(iii) the list should be capable of being forward looking 
i.e. capable of encompassing risk exposure sources 
which may arise in future, through advances in tech- 
nology. 


In order to meet these requirements a number of different 
possibilities examined including categorisation accord- 
ing to Classification Society Rules, or Solas Conventions. 
Failures of generic ship functions were also considered. 
Finally a list of 19 risk exposure sources was arrived at by 
consensus and these are shown in Table 6. 


Allocate amongst these risk exposure sources what 
percentage they contribute to the occurrence of each of 
the hazard categories. Since the list of risk exposure 
sources is intended to be sufficient to cause all the 
outcomes of all the hazard categories these allocations 
should add up to 100%. It is believed that generally histor- 
ical accident records, even the most comprehensive such 
as the Lloyd’s Register Casualty Database, do not contain 
sufficient detailed information to allow the allocation of 
percentage causation amongst the risk exposure sources. 
It is therefore necessary to use expert judgement in 
making this allocation. 


Expert judgement of likelihood has been used in the past 
in the fields of human reliability assessment and hard- 
ware reliability assessment. One approach which it is 
believed could be adapted to the requirements of risk 
exposure source evaluation is called Absolute Probability 
Judgement (APJ), which has been extensively described, 
with case study examples, in [7]. This reference gives 
detailed instructions on how to carry out an APJ exercise 
so as to achieve the consensus view of a group of experts, 
and the statistical calculations necessary to facilitate the 
use of the results. Some modification of the method would 
be necessary because it would be used to estimate percent- 
ages rather than probabilities. 


The rationale for using expert judgement is that there is 
insufficient historical data from which to estimate the like- 
lihood of particular events occurring, but that there are 
experts who have knowledge which can be translated into 
such estimates of the likelihood of occurrent of an event. 
These experts must know the subject sufficiently well and 
must also be able to translate this expertise into probabil- 
ities of occurrence. If the latter requirement causes 
difficulty, then either the experts should be given training 
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(c) 


in the mathematics of probability, or a “facilitator” should 
be employed to ensure that the percentages elicited are 
consistent with the experts’ knowledge and experience. 


The Consensus Group form of APJ seems to be regarded 
as most appropriate if it can be achieved. In this, each 
expert contributes to the discussion, but the group must 
arrive at an estimate on which all members agree. Other 
forms of group judgement involve more individual esti- 
mation, with estimates subsequently being aggregated. 
The general APJ procedure from [7], would consist of the 
following steps: 


¢ — select experts, 

¢ prepare the definition of the task, 

¢ prepare the proformas for extracting response, 
e develop instructions for the experts, 

¢ — obtain judgements, 

¢ calculate inter-expert consistency, 

¢ aggregate the individual estimates, 

¢ — estimate the uncertainty bounds. 


The advantages of using AP] are that it has been shown 
to provide accurate estimates in other fields, and that 
while being quick to use, it allows as much detailed 
discussion as the experts think fit, which is itself a useful 
process. 


The selection of experts to consider legislation is a process 
with which the shipping industry is already familiar 
following the work of the RoRo panel of Experts. Some 
criteria for the selection process (to be overseen by an 
appointed chairman) would be that its members would 
collectively possess: 


¢ knowledge of the shipping activity(ies) concerned, 
¢ knowledge of the hazards concerned, 


¢ understanding of FSA, i.e. risk and cost benefit anal- 
ysis. 


The use of risk exposure source evaluation is expected to 
highlight the need for better information on shipping acci- 
dents worldwide and this can be addressed through 
support for data collection projects already in progress, 
or through calls for new initiatives. 


It was not possible within the constraints of this project 
to apply the APJ method. For the purposes of this exam- 
ple, percentages of causation were allocated using a 
consensus of opinion from a small number of Lloyd's 
Register staff. This is shown in Table 6. 


Agree a measure of the importance of the hazard cate- 
gories themselves; this should measure the outcomes 
resulting from the realisation of the hazard categories. 
Estimate the value of this measure for each hazard cate- 
gory. The purpose of considering outcomes of the 
realisation of the hazard categories is to help estimate how 
important each possible cause of the hazard categories is 
in comparison to the other causes. It is not necessary to 
explore outcomes in any detail; this comes later in the FSA 
overall method when considering what legislative action 
to take against the hazard category. A gross measure of 
the importance of the outcome, such as is provided by the 
risk, in the form of deaths per year arising from that 
hazard category is considered sufficient for this purpose. 


Table 6 Ranking of the Risk Exposure Sources 
T 


Categories of Hazard 


Events/yr 113.4 100.6 


Deaths/event 0.4 0.5 0.8 


eos 


Risk (deaths/yr) 138.4 | 51.5| 82.7 


2 hi 
Risk Exposure Sources % y ( % % % Risk Sum 


Construction Material i it 31.16 


Structure ; 0) 3 6 36.78 
a ie 


—+ 
Propulsion E ; 102.58 
Steering ’ : , an 63.63 
Piping and Pumping ‘ : ‘ 3 34.17 


Control 
@ Electrical 
Refrigeration 


Safety Systems (fire, lifesaving) 


Communications 


Navigation 


Ship Management 


Seafarer Competence 


Cargo Handling and Stowage 


Anchoring 


Mooring 


Habitable Environment 


Emissions Control 


Bunkering and Storing 


Hull/Machinery Failure 
Grounding/Stranding 
Fire and Explosion 
Collision 


Contact 
Q Foundered/Flooding 
Miscellaneous 


Missing Vessels 
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(d) Foreachrisk exposure source, the product of hazard cate- 
gory importance measure (chosen in (c) above) and the 
percentage contribution to occurrence of the hazard cate- 
gory (from (b) above) is calculated. This is a measure of 
the amount the risk exposure source contributes to the 
occurrence of the hazard category. This product is calcu- 
lated across all the hazard categories for the risk exposure 
source, and the results summed. This gives a measure of 
how much the risk exposure source contributes to overall 
risk. This process is repeated for all of the risk exposure 
sources. 


(e) Put the risk exposure sources in order of significance 
based on the sums calculated in (d) above; 


(f) Check the sensitivity of the result (e) above to the alloca- 
tion of percentages from (b) and the measures of hazard 
category importance from (c). 


The result from this process will be the ranking of the risk expo- 
sure sources so that the most appropriate can be selected for 
more detailed analysis in order that its underlying mechanisms 
can be targeted with legislative action. The method allows the 
effect of a change in a risk exposure source to be considered 
across all hazard categories, and if the change resulted in 
increased apportionment of cause, this would be shown by an 
increase in the totalled risk contribution for the risk exposure 
source. This might happen because of the introduction of new 
technology or new legislation. 

The risk statistics given in rows 3 to 5 of Table 6 are derived 
from the previous Tables 2, 3 and 5. The values of risk 
(deaths/yr) were used here as the measure of importance 
referred to in (c) above. The percentage causation of each risk 
exposure source was chosen by expert judgment as discussed 
above. 

The derivation and ranking is intended to be capable of 
being adapted for use on other applications, for example to a 
specific ship type, rather than over all ships as here. It was seen 
that propulsion failure was an important risk exposure source 
with failures of seafarer competence and ship management also 
being significant. 

The hazard identification and screening approach was 
developed so as to encompass the identification of possible fail- 
ures due to, or influenced by, the human contribution to ship 
operation. 

The analysis and prediction of human behaviour is 
extremely complex. For the purposes of Formal Safety Assess- 
ment, the following general approach is used: 


° review accident data contained in databases (however, 
this often yields limited results because existing databases 
do not cater for the human element), 


¢ task analysis, 
. human error and human reliability assessment, 


¢ assessment of the human influence during fault tree and 
event tree analysis. 


An extensive summary of the methods of analysing human 
errors was given in project reports. 
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6. HAZARD ANALYSIS AND RISK 
EVALUATION 


Following hazard identification and screening, the possible 
underlying causes of some of the risk exposure sources were 
further explored using techniques such as Fault Tree Analysis, 
and the possible outcomes traced using Event Trees. 

A fault treeis a logic diagram showing the causal relationship 
between component or sub-system failures and some specified 
overall failure of asystem. The overall failure is normally called 
a “top event”. The probability or frequency of occurrence of 
this top event can be estimated using the fault tree if there is 
sufficient failure data available for the components or subsys- 
tems. If not, the fault tree can be used to show qualitative results 
such as which failures must occur in combination to cause the 
top event. 

An event tree is a diagrammatic means of exploring the esca- 
lation or development of a selected hazard, through to all of its 
possible outcomes, using a diagram which commences with 
the initiating event, and branches at each point of influence of 
a controlling or mitigating action, until the possible final 
outcomes are identified. If a frequency of occurrence of the initi- 
ating event, and probabilities of occurrence for the controlling 
or mitigating actions are estimated, the frequencies of the 
resulting outcomes can be calculated. 

For this project these techniques were applied to the risk 
exposure source “propulsion failure” and the results demon- 
strate their use and applicability. The results of the 
brainstorming by a team of experts referred to above was also 
used to help ensure that no significant causes or outcomes were 
overlooked. Failure of the main propulsion system due to fuel 
system fault was chosen as an initiating event, and a formal 
assessment of a typical fuel oil system, as shown in Figure 1, 
was performed, to provide an example. 

This commenced with a HAZOP study on the fuel oil 
system. An example worksheet is given in Table 7. 

Following from the HAZOP study, it was considered neces- 
sary in this case to perform an FMEA on the fuel oil system and 
an example worksheet is given in Table 8. 

Arising from the HAZOP and FMEA, a number of potential 
initiating events and hazards were identified. These could lead 
either to loss of propulsion, or to fire in the engine room, or 
both. An example of analysis of the routes to these hazards is 
shown on the Fault Trees in Figure 2. 

The Event Trees, Annex I, show the possible outcomes of 
the identified hazards, the reasons why the situation could 
escalate and the other actions that should take place. 

As part of the above hazard analysis procedures, a number 
of other aspects were considered. These included the design 
philosophy; the applicability of rules and regulations; the 
design provisions; the diversity, redundancy and segregation 
of essential systems, services and equipment; the human inter- 
face; and the functions, integrity and reliability of the safety 
systems provided. 

In risk evaluation, existing control or mitigation measures 
are taken into consideration. The role of the personnel on board 
ship was also noted and consideration given to techniques 
which can be used to predict their influence on events. 

In FSA a quantified evaluation of the risk is normally made, 
using the probability or frequency of occurrence of the causal 
events and the consequential effects of the outcomes, as part of 
the demonstration that adequate levels of safety have been 
achieved. An example of this evaluation of frequency and 
consequence of failure was developed for a fuel related fault 
causing main engine failure. The example illustrated a typical 
coarse estimation process which was commensurate with the 
data available on the fault. 
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Table 7 - HAZOP Worksheet Example 


Study Title 
Drawing 
Drawing No. 


Node Description : 


Formal Safety Assessment of Shipping 


Ship’s Fuel System - Typical 


5172-8-1 MSA 


Fuel Oil Service Tank 


Ref no 


Item 


Deviation 


Possible Causes 


Consequences 


Safeguards 
+ 


Action Required 


Action By 


1 


Fuel oil service tank 


Low Level 


Contents not observed 


Eventual engine failure 


Low level alarm, low pressure alarm 
to engine 

Engine capable of operating from 
diesel oil service tank 


None 


Low level alarm not working 
component failure/ short circuit 


as above 


4 
As above 


None 


Drain valve opened 


As above 


Spectacle blank, low level alarm 


| 


None 


Fuel oil service tank 


High Level 


Purifier flow rate to tank higher than 
engine consumption 


Overflow to settling tank 


None 


None 


Water ingress from steam heating coil 


Erratic engine operation 


De-sludging valve, watchkeeping 
procedures, engine failure alarms 


Consider cost benefit for the 


-—s 


al installation of water content monitors 


Water ingress from external source 


As above 


As above, plus class requirements 
for air vent closures 


As above 


I 


I= 
Low Temperature 


Steam supply failure 


increased heat transfer required at the 
engine fuel heater/ inconvenient 


Watchkeeping procedures 


— 


— 


None 


Low temperature supply from unheated | As above 
fuel oil purifiers 


As above 


None 


- 
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Table 8 - FMEA Worksheet Example 


FAILURE MODE AND EFFECT ANALYSIS 


System: Fuel Oil Purifiers 


Failure Mode and Effect Analysis 


ltem No Component Function | Failure Mode 
— 


Failure Cause 


] Faiture Detection 


ae | 


End Effect of Failure 


— 


Corrective Action 


Recommendations / Comments 


01 Fuel oil purifiers Electrical power 


failure 


— ab: 


—: 


Switchboard fault or power ‘Alarm channels to ECR for 


generation fault eg blackout 


purifier failure 


Both purifiers failed 


Possible blackout 


Potential to lead to eventual 
machinery failure 


~ | Re-establish power supplies 


Restart main engine if stopped 


Reset purifier operation 


Service tank should be sized to allow fuel supplies 
to be maintained for an adequate period on full 
power operation. A separate electrical distribution 
is provided to each purifier from feeder panels fed 
from either side of the switchboard to try to ensure 
that one purifier remains available in the event of a 
main switchboard failure. 


Fuel oil purifier 


Electric motor failure 


at 


Motor short circuit, open 
Circuit, bearing failure or motor 
fan failure 


purifier failure 


a 


Alarm channels to ECR for One purifier failed, stand by ai 


unit available 


ee 


Run up and put stand by unit 
on line. 

Change motor on failed unit 

- if available. 


Consider holding a spare purifier motor among the 
Spares inventory or ensure similar motor types and 
sizes are used for other applications which can be 
utilised if necessary. Note, there are no class 
requirements for fuel purifier treatment plant only 
adequate fuel system filtration. 


F 


uel oil purifier 
sludge tank 


Fuel oil purifier 


Fuel oil carry over to 


ae 


Mechanical failure 


ncorrect gravity disc fitted, 
lincorrect fuel oil specification 
or purifier not up to operating 
speed due to clutch slip or 
single phasing of the motor. 
Incorrect fuel viscosity, due to 
heater or thermostatic control 
failures. 


Alarm channels to ECR for 
purifier failure high sludge tank 
level alarm or fault sighted by 
operator. 


fel 


One purifier failed, stand by 
unit available. 


e 


on line 


Run up and put stand by Lat 


If incorrect fuel specification has been supplied 
then gravity discs will require replacement on both 
purifiers. 

If fuel supplies are inferior quality and out of 
specification for the engine, then immediate 
arrangements are to be made to make to the 
nearest port and change out the fuel. Where 
possible do not use any suspect fuel supplies 
without results from an independent laboratory 
analysis. 


Loss of lubrication, component 
degradation. Inadequate or 
incorrect maintenance. 
Incorrect operation.. 


Alarm channels to ECR for 
purifier failure 


One purifier failed , stand by 
unit available. 


Run up and put stand by unit | Human error can contribute towards these failures 


on line. 


7. RISK ASSESSMENT 


Risk assessment is the process by which recommendations or 
other outcomes from a risk analysis are considered against 
engineering judgment, standards, or criteria to show whether 
the existing risk control measures are adequate or whether any 
remedial action needs to be taken. To do this it is necessary to: 


. identify practical measures to eliminate the hazard, 

¢ review the provisions for reducing the risk of realisation 
of the hazard, 

. review the provisions for preventing a realised hazard 
escalating, 


¢ review the provisions to eliminate or reduce the undesir- 
able consequences, 


. identify practical measures to reduce the probabilities or 
frequencies to a lower or to an acceptable level (assuming 
that an acceptable level has either been defined or is 
perceived to exist). 


The management of risk for shipping at present relies mainly 
on: 


¢ International, National and other Rules, Regulations and 
Standards aimed at the effective management of risk in 
the marine industry and Flag State, Port State and Clas- 
sification Society requirements, 


¢ procedures, 
° auditable operational or safety management systems, 
¢ adequate staff numbers, 


° training. 


The steps for risk assessment given above must consider these 
traditional shipping risk management factors, both because 
they represent industry acceptance criteria, and also because 
they suggest alternative ways to manage risk. These must be 
analysed to consider whether they are practicable and whether 
the benefits to be obtained are worth the extra cost they entail. 
Other industries have evolved approaches by which the 
need to take further action, or not, can be decided upon. One 
such approach was described in [8] and is based on ensuring 
that overall risk is reduced to as low as is reasonably practicable 
(ALARP). However these approaches have generally been 
aimed at specific engineering scenarios and not, as required in 
this case, at assessing risks over a wide range of different engi- 
neering applications, which is in effect what the full range of 
ship trades represents. Extension of risk assessment decision- 
making approaches to this case was identified as a subject for 
further research. This project was therefore limited to using the 
techniques of risk analysis (e.g. HAZOP, FMEA) for identifying 
problems, and possible solutions, and demonstrating the effec- 
tiveness of these through a practical example based on an 
analysis of a typical fuel oil system as discussed above. 
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8. SHORTFALLS IN THE CURRENT SYSTEM 
OF STANDARD SETTING, CONTROL AND 
ENFORCEMENT 


The present system of regulation for the shipping industry is 
generally recognised as being “prescriptive” in nature, which 
means that rules and regulations set down in detail what must 
be done in order to comply. This is often contrasted witha “goal- 
setting” style of regulation in which the objectives to be 
achieved are stated, but the details as to how to comply in each 
situation is left to the duty holder to decide. The prescriptive 
approach has strengths and weaknesses, some of which are as 
follows: 


Strengths 
° the rules are well established, and familiar to users, 


¢ they are pragmatic and give good working engineering 
solutions without the need to make detailed calculations 
in each case, 


° they are quick to use, 


¢ ship designers know what is required at the outset and 
can estimate resources easily, 


¢ they are backed by many years of operational experience. 


Weaknesses 


e the reason for the rule can be obscure, with the original 
theoretical basis difficult to discern, 


° they are not conducive to design innovation, 


¢ they can be difficult to apply to novel situations, and are 
prone to being applied in situations where they are not 
appropriate, 


¢ they are not sufficiently explicit in defining what the 
designer must achieve, or what they margin of safety in 
the design is, 


¢ there isa very large body of rules, which it can be difficult 
to find the way through, or to be sure that all requirements 
have been taken into account, 


e they are difficult to build on for further development 
because of their fragmented nature, and tend to be 
changed by a patching process, which does not take suffi- 
cient account of possible knock-on effects. 


Changes to rules for technical reasons are required by, for exam- 
ple, feedback from operational experience, advances in 
technology which allow better or more efficient ways of build- 
ing ships, or demands from the industry for new rules for 
developing ship trades. 

The difficulty with adding new rules in a reactive way is 
that it can result in hastily developed requirements which may 
reduce the risk from one hazard at the expense of increasing 
the risk from another hazard. A Formal Safety Assessment 
approach would provide a systematic and auditable method to 
focus legislative attention on the most important risks, choose 
the most effective means of control, and consider any wider 
effects which the chosen control could have on other hazards. 

In this project, one common ship-board system was anal- 
ysed to provide an example. This was a fuel-oil system, as it 
was reasoned that such systems can make a significant contri- 
bution to propulsion failure. A typical fuel oil system was 
defined as shown schematically in Figure 1. Techniques such 
as fault tree analysis, hazard and operability study and failure 


modes and effects analysis were applied to show how these 
would be used in an FSA study. It was recognised in doing this 
that the fuel system was not truly generic; it had features which 
would not be found on all ships. Hence in the context of this 
project the specific potential faults identified were not as impor- 
tantas the documentation that the overall examination was able 
to show that the present Rules are silent on some aspects of fuel 
oil systems’ design which could be very significant to the safe 
and reliable operation of ships. These aspects included the 
following: 


¢ fuel oil settling tank requirement or capacity, 

¢ service tank requirement or capacity, 

¢ save all volume, 

¢ fuel purification treatment other than filtration, 
¢ dual fuel supply arrangements. 


In fact the common practice is that it is left very much to the 
owner to specify to the designer his requirements for these 
items. This results in there being a wide variety of arrangements 
used, some of which may not provide an appropriate level of 
functionality. 
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9. FSA OVERALL METHODOLOGY 


In order to demonstrate the applicability of FSA to the risks 
common to all ships it was necessary to develop a preliminary 
methodology for all of the FSA steps listed in Section 1 above. 
This methodology is shown schematically in Figure 4. It is simi- 
lar to risk assessment methodologies developed in other 
industries, but with some modification to reflect the intended 
use within shipping, namely to allow regulatory bodies to focus 
attention on areas of legislation most in need of improvement. 
The methodology was put forward to enable the role of the FSA 
steps investigated in this project to be seen in context, and it 
was recognised that it might well be subject to change in light 
of ongoing research into the topic. 

The process begins with setting a boundary on the ship 
trade, functions or systems to be considered. The hazards which 
apply to this bounded set of systems must then be identified, 
possibly using techniques such as brainstorming, as discussed 
above. These identified hazards are then submitted to a screen- 
ing process, which typically comprises a coarse evaluation of 
the risk due to each hazard, and a dismissal of those which are 
considered not to be a significant threat in the prevailing 
circumstances. The evaluation may also rank the remaining 
hazards in order of importance for subsequent analysis. This 
analysis then proceeds to examine both the potential causes of 
each hazard and the potential outcomes, taking account of the 
effect of the protective systems which are intended to control 
or mitigate the hazardous incident. The risks due to the hazards 
are then evaluated as accurately as techniques for estimating 
frequency and consequences will allow. The causes of risk are 
identified and ranked, using a method such as the one 
described in this paper. The extent to which the causes of 
hazards are being managed by protective controls in present 
regulation is then considered, and also the extent to which 
further controls could be imposed, so as to achieve this, is exam- 
ined. Alternative arrangements, in the form of improved 
regulatory requirements, may be proposed. These regulatory 
arrangements could be aimed at: 


¢ eliminating or reducing the hazard, 


. providing means to eliminate or reduce the undesirable 
consequences, 


¢ providing means to reduce the probabilities or 
frequencies to an acceptable level (this assumes that an 
acceptable level has either been defined or is perceived to 
exist). 


The process of risk analysis is then repeated in light of these 
proposed new arrangements to ensure that there is no unin- 
tended increase in risk due to side-effects of the change. If the 
changes are found to be beneficial in reducing risk, they are 
then subjected to cost-benefit analysis, wherein the cost to the 
industry of making the changes is compared with the value of 
the risk reduction benefit which they achieve. 

This latter value is of course subject to considerable uncer- 
tainty, but techniques for its estimation are the subject of 
continuing research. If a net gain for society through the adop- 
tion of new arrangements is proven, then the case for change 
is supported by the risk analysis process. 
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Figure 4 Flow Chart for Formal Safety Assessment Method 
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10. AREAS OF CONCERN 


Although techniques such as Fault Tree Analysis and Event 
Tree Analysis can incorporate an element of the human inter- 
face on the causes and development of a hazard, it is not 
necessarily adequate. A more dedicated analysis may some- 
times be required. It is considered that qualitative task and 
human error analyses can be applied in the marine context with 
little difficulty, but quantification at present is probably imprac- 
ticable because of lack of human reliability data associated with 
marine tasks currently available. To improve this situation it 
will be necessary in future to collect data and to consider the 
range of performance shaping factors relevant to international 
shipping. 

Formal Safety Assessment addressing critical areas, in 
which quantitative risk assessment is to be performed, requires 
access to a detailed marine incident and casualty database. 
Existing databases are not adequate in that they only deal with 
the marine casualty aspect and, consequently, incidents, less 
serious accidents and information on root causes are not 
recorded. This will be insufficient for the purpose of quantita- 
tive risk assessment for the shipping industry in the future. 
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11. IMPLEMENTATION OF THIS WORK 


When development work is complete, it is envisaged that the 
MSC and its subcommittees would use FSA to identify and 
focus on high risk aspects of international shipping, and to 
assist in making decisions about the need for, and content of, 
regulation or guidance. Clearly the necessary expertise would 
need to be provided by those member governments and 
observer organisations with the capability and resources to do 
so, as is typically the case with other specialised topics consid- 
ered at IMO. 

Thereafter, convention and code requirements will progres- 
sively become risk-based, reflecting the benefits outlined in the 
introductory section. 

Whilst the adoption of FSA represents a significant change 
for the IMO, the implications for maritime administrations and 
their responsibility for implementation and enforcement, are 
not so far reaching in the short term. In the longer term, and in 
the light of other developments such as implementation of the 
ISM code, the respective roles of IMO and flag states may 
change, though it is much too early to predict what these 
changes may be. However, society's growing ability to analyse, 
measure and influence those managerial and human factors 
that are increasingly recognised as important contributors to 
safety, will be an important factor. 

The shipping industry is believed to be unique in interna- 
tional terms in having the IMO as a focus for the development 
of safety legislation. The IMO has played an important and 
successful role in setting internationally agreed standards, and 
this accomplishment places IMO in an enviable position as an 
international regulator to make effective use of FSA. 


12. CONCLUSION 


The paper has described research work which has addressed 
the first two steps of the FSA approach, concerned with hazard 
identification and screening, and with risk evaluation and 
assessment. For these, a Formal Safety Assessment methodol- 
ogy has been specifically developed appropriate to inter- 
national shipping, based on the existing risk analysis tech- 
niques integrated into a robust and comprehensive mechanism 
suited for marine hazards. The study has shown that Formal 
Safety Assessment is practicable and beneficial to the shipping 
industry. 

Adoption of FSA by the IMO would represent a fundamen- 
tal cultural change, from an essentially reactive and largely 
piecemeal approach to one which is integrated, proactive, and 
soundly based upon an evaluation of risk. This change will 
rightly take some time to implement fully, but in making such 
achange, the IMO will substantially advance its already consid- 
erable achievement in the field of international maritime safety. 
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DETECTION FIRST LEVEL EXTINGUISHING Iseconp LEVEL EXTING'ING (FINAL LEVEL EXTINGUISHING 

iby: by: by: by: 

lobservation, portable extinguisher, mobile extinguisher, total space flooding with: 

lauto-detection system local automatic release system _{fire hose, foam, inert gas or Hi-fog. 
(sprinkler, inert gas, Hi-fog). foam. 


' ' ; 


FIRE IN THE ENGINE 
ROOM (DUE TO FUEL 


SUPERFICIAL DAMAGE 
Fire extinguished. 


OIL SYSTEM FAILURE). H L 
; MINOR DAMAGE 
ee ae a Fire extinguished. 
The fire alarm may be ‘4 es 
|activated by flame, smoke, | | ~~ 
|and heat; hence, point (A) is SIGNIFICANT DAMAGE 
a decision point: “fire” or "no | : Access to space denied 
ifire”. ' until cool and gas free. 
Y SUCCES NRON OnE Vein). Sn palin foe Se ee SEVERE DAMAGE OR 
ered Saat) hee eee ers ela ec a ee a ere UNCONTROLLED FIRE 
A A ‘ A High probability of fire spreading 
| to accommodation, Bridge and 
Possible reasons for escalation to next action: emergency generator room. 
High probability of loss of life 
Smoke or fire not observed. First level system(s) not Second level system(s) not Final level system(s) not and/or serious injuries. 
Detectors fail to detect (may deployed in time, fail to work or deployed in time, fail to work or activated in time, fail to work or Ship may have to be abandoned. 
have been isolated). are inadequate. are inadequate. are inadequate. 
Detectors operate, ignored or 
major fire already in progress. 
Other actions and precautions to be taken: 
Activate fire alarm. First person on scene takes Emergency Party follow Complement ordered to WARNING: 
Fire alarm sounds. what action they can. rehearsed procedures. boat stations. In all cases, there could be 
Advise complement if a false lsolate fire by closing fire doors, Assess whether there are any Advise other ships/shore of a significant hazard from 
alarm, or where the fire is. ventilators, etc., and by stopping crew members unaccounted emergency; request assistance. smoke or noxious fumes. 
Emergency Party muster. fans and HVAC. for before fourth action Send SOS if necessary. 
Non-essential complement commenced. 


ordered to muster points. 
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INITIATING EVENT 


[FIRST ACTION SECOND ACTION FOURTH ACTION 
| 

IDETECTION Can problem be rectified ‘Are other facilities installed 
lby: quickly OR has a standby unit ‘or available to allow part load facilities within reasonable time 
jobservation taken over the duty? or reduced operation? PY ship's staff? 


Can measures be taken to restore |NOTE: 
In an open sea, away from 
other shipping, temporary 


loss of power or propulsion 
is not a major problem 
unless the weather or sea 
State is severe. 


alarm initiation. 


SUPERFICIAL DAMAGE 
Fault must be investigated and 
rectified as soon as possible. 


SYSTEM FAILURE). 


yes MINOR DAMAGE 
Vessel under power/control 


no while repairs are undertaken. 
yes SIGNIFICANT DAMAGE 
Vessel at risk while repairs are 
ino undertaken. 
SEVERE DAMAGE 
Vessel at risk and will require 
a A 4 A external assistance. 
Reason for escalation to next action: 
There are many possible fuel oil Standby unit not selected, not Other facilities are not available Ship's staff unable to effect 
system failures that could result available or fails to operate. or not provided. repair in reasonable time or do 
in loss of propulsion or loss of not have the parts, tools, 
power generation. facilities, knowledge or time. 
Other actions and precautions to be taken: 
Watchkeeping Engineer takes Rectify problem if possible. This If vessel can proceed on Repair commenced with NOTE: 


reduced power, advise Officer of safeguards OR send urgent Commercial pressures may 
message for assistance (e.g. preclude Master accepting 
tow to safe haven). a tow. 


appropriate action. Officer of the may take time and require 
Watch only informed in specific | maintenance/repair procedures. the Watch and arrange any 
situations. Automatic alarm may Attempt to start any failed necessary safeguards (e.g. 
be given on Bridge in serious Standby unit. isolating non-essential loads). 
situations. 
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INITIATING EVENT [FIRST ACTION | SECOND ACTION THIRD ACTION FOURTH ACTION OUTCOME 
\DETECTION |Can problem be rectified Are other facilities installed \Can measures be taken to restore NOTE: 
by: 'quickly OR has a standby unit or available to allow part load facilities within reasonable time This is a situation 
\jobservation taken over the duty? or reduced operation? by ship's staff? when a vessel is at 


\alarm initiation. | its most vulnerable. 


’ y oy 


PROPULSION OR 
POWER GENERATION 
MACHINERY FAILURE 
(OUE TO FUEL OIL 
SYSTEM FAILURE). 


SUPERFICIAL DAMAGE 
essel under power/contro! 
ino while repairs are undertaken. 


MINOR DAMAGE 


the vessel is at risk of collision, 
no grounding or broaching. 


yes MINOR DAMAGE 
Vessel at risk while repairs are 
no undertaken. 


SIGNIFICANT OR 
SEVERE DAMAGE 


A A 4 A Vessel at high risk and will 


require external assistance. 
R f i 


There are many possible fuel oil Standby unit not selected, not Other facilities are not available Ship's staff unable to effect 


system failures that could result available or fails to operate. or not provided. repair in reasonable time or do 

in loss of propulsion or loss of not have the parts, tools, 

power generation facilities, knowledge or time. 

Other actions and precautions to be taken: 
Watchkeeping Engineer takes Rectify problem if possible; this _If vessel can proceed on Drop anchor if water depth allows. 
appropriate action. Officer of the may take time and require reduced power, advise Bridge Attempt emergency repair AND 
Watch only informed in specific | maintenance/repair procedures. and arrange any safeguards seek external assistance. Advise 
Situations. Automatic alarm Attempt to start any failed (e.g. isolate non-essential loads). local authority, shore and other 
may be given on Bridge in standby unit. Otherwise drop anchor if water ships. 


serious situations. depth allows. 


yes Unless fault rectified very quickly, 
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Rea lation 


Vessel stuck firm. 


Apply full astern power. 


Hull damaged. 


Advise complement of situation 
and tell them to standby. 
Mobilize Emergency Party and 
sound all double bottom tanks. 
Follow hull damage procedures, 
advise shore. 


Damage is major and/or vessel 
cannot be refloated without 
external assistance. 

Propulsion may have been lost. 


Damage could be more serious 
than first assessed. 

Risk of major flooding/pollution. 
Request external assistance. 
Look for injured personnel. 


f 


Vessel immovable. 


Possible major structural damage. 


Send PAN-PAN or SOS. 
Prepare to abandon ship if it 
is in danger of breaking up or 
of capsizing. 
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I TI ACTION | SECOND ACTION | ACTION FOURTH ACTI OUTCOME 
|Become aware that vessel has [Assess whether hull is still intact If damage appears minor, attempt Seek and await assistance from 
sali |and no flooding in or leakage out. to refloat by standard procedures. ae vessels. 
Is propulsion still available? Cargo may need to be offloaded. 
| Can vessel be refloated? 
| | | 
GROUNDING OR y y y 
Ma ntedades de ee yes yes SUPERFICIAL DAMAGE 
LOSS OF PROPULSION Float off and proceed with 
(FUEL OIL SYSTEM bes eaition’ 
FAILURE). 


MINOR DAMAGE. 
Proceed under own power to 
port for inspection/repair. 


SEVERE DAMAGE 
Tow required to repair port 


High probability of loss of stability. 


STRANDED. 

Hull stuck fast. 

High probability of loss of hull 
integrity. 

High probability of pollution. 

If vessel has to be abandoned, 
probability of serious injuries. 
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